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As I write this foreword, my tenure of office as Chairman of the Column Research 
Council has begun exactly four days ago. One can hardly expect a record of 
achievement, or non-achievement, to have been made during that time. On the 
other hand, I have been affiliated with the Council since 1948, i.e. through-
out most of its existence. I hope that this gives me a perspective which 
may be useful .throughout my tenure. 
Among the most notable activities of the Council during the last year, as far 
as I can discern, was further progress toward publication of the third edition 
of the CRC Guide under the able and indefatigable leadership of its editor, 
Bruce Johnston, and with contributions from many Task Groups and individuals. 
The Guide is widely recognized as an authoritative and broadly useful document 
and I hope that the forthcoming year will see the publication of its third 
edition. Further work, with some input from Task Group 1, has resulted in 
the draft of a much revised version of the important Chapter 3, Centrally 
Loaded Columns. When published, it should contribute to changes in design 
methods for these key members. 
The Annual Meeting in March was very well attended. The Technical Sessions 
were somewhat different from the accustomed scheme in that they dealt, in 
part with one definite topic, off-shore structu~es. This focussing seems 
to have contributed to the level of interest, and an attempt will be made at 
a similar arrangement for the 1975 Annual Meeting in Toronto. 
The active involvement of CRC in specific research programs and projects has 
fallen off over the years, in part because of a gradual change in the ways 
of research sponsorship and financing. It may be worthwhile to review this 
aspect of the Council's activities and to seek ways for greater participation 
in this area. 
In closing, let me express the hope that my effectiveness as Chairman may at 
least approach that of my so able predecessor and friend, T. V. Galambos. 
Also, I hope that I may have the continuing indispensable and dedicated 
support from Lynn Beedle, the CRC Director, and from our Secretary, 
Mr. Francois Cheong-Siat-Moy. He has taken the place of Barbara Gail Freeman, 
who has contributed so much to the success of the last years. 
v 
George Winter 
Chairman, Column Research Council 
Cornell University 
Ithaca, New York 14850 
October 1974 
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Annual Technical Session 
One of the purposes of the Council is to maintain a forum where problems 
related to the design and behavior of columns and other compression ele-
ments in metal structures can be presented for evaluation and discussion. 
The Annual Technical Session provides opportunity to carry out this 
function. 
The 1974 Annual Technical Session was held on March 26 and 27 at the 
Marriott Motor Hotel in Houston, Texas. Eighty-eight persons attended 
the Session and twenty-seven papers were delivered. 
A panel discussion on "Stability Problems in Offshore Structures" was held 
in the evening of March 26, 1974. Panelists were A. R. Desai, J. C. Wilhoit 
and T. G. Johns. The moderator was L. A. Boston. 
In conjunction with the Technical Session, an Annual Business Meeting was 
held for the purpose of electing new officers and members, and to discuss 
financial and other business matters. 
Summaries of the technical papers, the panel discussion, and minutes of 
the business meeting are recorded in the following pages. The attendance 
list is also included. 
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PRO G RAM 0 F TEe H N I CAL S E S S ION 
Program of 1974 Technical Session and Annual Meeting 
Tuesday, March 26, 1974 
8:00 a.m. - Registration 
8:30 a.m. - MORNING SESSION 
Presiding: G. Winter, Cornell University 
INTRODUCTION 
T. V. Galambos, Chairman, CRC 
TASK GROUP REPORTS 
Task Group 1 - Centrally Loaded Columns 
Chairman, J. A. Gilligan, U. S. Steel Corporation 
Vice Chairman, R. Bjorhovde, American Institute of Steel Construction 
Report on Behalf of Task Group 
R. Bjorhovde, American Institute of Steel Construction 
Task Group 3 - Ultimate Strength of Columns with Biaxial1y Eccentric Loads 
Chairman, J. Springfield, C. D. Carruthers and Wallace 
Proposed Revisions to the 1969 AISC Specification, Section 2.4: Columns 
W. F. Chen, Lehigh University 
Biaxially Loaded Columns - Design Developments and Their Evaluation 
J. Springfield, C. D. Carruthers and Wallace 
Inelastic Flexural-Torsional Stability of Restrained Beam-Columns 
S. Vinnakota, Swiss Federal Institute of Technology 
10:00 am. - BREAK 
Task Group 4 - Frame Stability and Effective Column Length 
Chairman, J. S. B. Iffland, URS/Madigan-Praeger, Inc. 
The Stability of Asymmetric Structures - Research Needs 
P. F. Adams, University of Alberta 
Computer Program for Obtaining the Instability Loading on Two-Dimensional 
Rigid Frames Under Primary Bending Moments 
J. K. Ai-Abdulla and C. K. Wang, University of Wisconsin-Madison 
Studies of Effective Column Length and Frame Stability 
J. H. Daniels, Lehigh University 
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Computer Program for Plotting the Bifurcation Mode of Two-Dimensional 
Rigid Frames 
M. T. King and C. K. Wang, University of Wisconsin-Madison 
The Effect of Column Capacity on Frame Strength 
J. A. Yura, The University of Texas at Austin 
12:15 p.m. - LUNCH 
1:45 p.m. - AFTERNOON SESSION 
Presiding: T. V. Galambos, Washington University 
Task Group 7 - Tapered Members 
Chairman, A. Amirikian, Amirikian Engineering Company 
(G. C. Lee, State University of New York at Buffalo presiding) 
Allowable Stress for Web-Tapered Beams with Lateral Restraints 
\ M. L. Morrell and G. C. Lee, State University of New York at Buffalo 
Task Group 11 - European Column Studies 
Chairman, D. Sfintesco, C. T. I. C. M. 
Vice Chairman, W. A. Milek, Jr., American Institute of Steel 
Construction presiding 
Towards European Stability Recommendations - The Work of ECCS 
Commission 8 
D. Sfintesco. C. T. I. C. M. (presented by L. S. Beedle) 
Task Reporter 16 - Stiffened Plate Structures 
R. G. Kline, Naval Architect - Marine Consultant 
A Report on Stiffened Plate Structures 
Presented by G. Haaijer on behalf of Mr. Kline 
Task Group 18 - Tubular Members 
Chairman, A. L. Johnson, American Iron and Steel Institute 
The Strength of Axially Loaded Tubular Columns 
W. F. Chen, Lehigh University 
Post-Yield Capacity of Tubular Members 
, 
P. W. Marshall, Shell Oil Company 
2:45 p.m. - BREAK 
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Task Group 20 - Composite Members 
Chairman, S. H. Iyengar, Skidmore, Owings & Merrill 
Design of Practical Composite Columns 
S. H. Iyengar, Skidmore, Owings & Merrill 
Design of Concrete Encased Composite Columns 
R. W. Furlong, University of Texas at Austin 
4:15 p.m. - ADJOURN 
8:00 p.m. - EVENING SESSION 
SPECIAL PRESENTATION 
Stability Problems in Offshore Structures 
Moderator: L. A. Boston, J. Ray McDermott & Co., New Orleans 
Speakers: 
A. R. Desai, Brown & Root, Houston 
J. C. Wilhoit, Jr., Rice University, Houston 
T. G. Johns, Battelle, Columbus Labs 
Wednesday, March 27, 1974 
8:00 a.m. - MORNING SESSION 
Presiding: W. J. Austin, Rice University 
Task Group 8 - Dynamic Instability 
Chairman, D. A. DaDeppo, University of Arizona 
Transient Response of an Imperfect Column Parametrically Excited 
by a Periodic Force 
D. Krajcinovic, University of Illinois at Chicago Circle 
W. Feldt, University of Wisconsin-Parkside 
Task Group 13 - Thin Walled Metal Construction 
Chairman, S. J. Errera, Bethlehem Steel Corporation 
Stability Considerations for Stainless Steel Structural Members 
W. W. Yu, University of Missouri-Rolla 
D. S. Wolford, Armco Steel Corporation 
A. L. Johnson, American Iron and Steel Institute 
The Torsional Stiffness of Laterally Braced Thin-Walled Girders 
C. P. Heins and J. M. Snyder, University of Maryland 
Inelastic Reserve Strength of Cold-Formed Beams 
H. P. Reck, T. Pekoz, G. Winter, Cornell University 
Task Group 15 - Laterally Unsupported Beams 
Chairman, T. V. Galambos, Washington University 
Buckling of Inelastic I-Beams Under Moment Gradient 
S. Kitipornchai, Rankine and Hill, Sydney 
N. S. Trahair, University of Sydney 
Review of Recent Research on the Lateral Stability of Beams 
T. V. Galambos, Washington University 
Task Group 17 - Stability of Shell-Like Structures 
Chairman - K. P. Buchert, University of Missouri-Columbia 
~Buckling of Curved Flange Shell-Like Columns 
K. P. Buchert, University of Missouri-Columbia 
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Stability of Submerged Cylindrical Shells with Deformable Ring Stiffeners 
J. E. Goldberg, D. V. Pathak, Purdue University 
10:30 a.m. - BREAK 
Task Reporter 11 - Stability of Aluminum Structural Members 
J. W. Clark, Aluminum Company of America 
Web Crippling of Aluminum Beams Under Concentrated Loads 
J. W. Clark, Aluminum Company of America 
RESEARCH REPORT 
Effect of a Central Cut-Out on Buckling Strength of Thin Square 
Plates Under Edge Loading 
P. J. Fang, University of Rhode Island 
J. L. Ou, Inar C. Hillman & Associates 
CRC GUIDE 
Chairman, E. H. Gaylord, University of Illinois 
Progress Report on the 3rd Edition 
B. G. Johnston (Editor), University of Arizona 
11:30 a.m. - CRC ANNUAL BUSINESS MEETING 
B 
T ASK G R 0 U P REPORTS 
TASK GROUP 1, CENTRALLY LOADED COLUMNS 
Chairman, J. A. Gilligan, U. S. Steel Corporation 
Vice Chairman, R. Bjorhovde, American Institute of Steel Construction 
Report on Behalf of Task ~rouE 
R. Bjorhovde, American Institute of Steel Construction 
A short report was presented by Dr. Bjorhovde. 
TASK GROUP 3, ULTIMATE STRENGTH OF COLUMNS WITH BIAXIALLY ECCENTRIC LOADS 
Chairman, J. Springfield, C. D. Carruthers and Wallace 
Proposed Revisions .to the 1969 AISC Specification, Section 2.4: Columns 
W. F. Chen, Lehigh University 
1. Background 
The proposed design criteria for steel H-columns under axial load and 
biaxial bending moment have been combined with the current draft manuscript 
of CRC Guide, Chapter 8 (beam-columns), to provide a useful extension of 
the current CRC Guide to the design of such columns. Some usable design 
recommendations based on this research ~ork ~ill appear in the forthcoming 
revised CRC Guide. 
The proposed design formulas have been recommended by a subcommittee 
to the AISC Specifications Advisory Committee for inclusion in Sec. 2.4, 
"Columns". Our recommendation leaves the present provisions unchanged ex-
cept for editorial modifications to accommodate the additional subsection, 
and it adds a new subsection. Thus, Section 2.4 will have two parts: 
2.4.1 
2.4.2 
Members Bent About Strong Axis (same) 
Columns Bent About Both Axes (new) 
The suggested change is thus not a modification of existing provisions, 
but an expansion into an area hitherto not covered by Part 2 of the AISC 
Specification. 
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The recommended changes are the culmination of many years of research 
at Lehigh and elsewhere, performed under the guidance of the Column Research 
Council's Task Group 3, "Biaxia11y Loaded Columns". The recommendations 
made in Section 2.4.2 are the same as those made by CRC TG3 in Chapter 8 of 
the Third Edition of the CRC Guide, where this research work makes such an 
expansion possible. 
The proposed formulas have been approved for inclusion in the forth-
coming C. S. A. Standard S16-1974 (Canadian Specification). 
2. Proposed Design Criteria 
The design method is now summarized in the form and style of a Code of 
Practice. Explanatory notes are added. The Clauses are the actual clauses 
recommended for AISC Specification with the exrlanatory notes to be included 
in the Commentary on AISC Specification. 
Columns Bent About Both Axes: Members subject to combined axial load and 
bending moments about both axes shall be proportioned so as to satisfy For-
mula (1) and Formula (2). In the absence of strong axis bending moment, 
the terms containing Mx vanish. 
M ( _x_ )Cl 
M + < 1 (1) pcx 
( 
C M 
mx x )6 
M + 
C M ( my y )6 
M < 1 (2) 
ox oy 
In Formulas (1) and (2) the subscripts x and y, combined with subscripts pc, 
m and 0, indicate the axis of bending about which a particular moment or de-
sign property is applied, and 
M 
M , M 
x y 






maximum applied moments 
"'" 
plastic moments modified to include the effect of axial 
compression. Formula (3) . 
-
coefficients defined in Section 1.6.1, AISC Specification 
- maximum end moments that can be resisted by the member in 
the plane of bending, including the axial load but in the 
absence of the other moment. Formula (4). 
Cl, B - coefficients defined in Formula (5). 
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For H-shape sections, M and M may be taken as pcx pcy 
M • 1.18 M (1 - pIp) < M pcx px y px 
M = 1.19 M [1 _ (pIp )2] < 





M M = plastic moments px' py 
P = applied axial load 
Py = yield capacity of section (area times Fy) 
In lieu of a more precise calculation, M and ox M may be taken as oy 
in which 









a M py 
(1 - / ) (1 - / ) 
cr ex 
(1 - P 
P 
cr 




(23/12) A F', where F' is as defined in Section 1.6.1, 
e e 
AISC Specification 
maximum moment that can be resisted by the member in 
strong axis bending in the absence of axial load and 
weak axis bending moment, given in Formula (2.4-4) of 
AISC Specification. 
When PIPcr : 0.15, the values of the equivalent moment coefficients em 
and the amplification factor (1 - pIPe) in Formulas (2) and (4) may be 
assumed equal to 1. Exponents a and B for use in Formula (1) and Formula 
(2) shall be taken as follows: 
1. Compact H-shape section in which the flange width is not less 
than 0.80 of the depth: 
a - 1.6 
PIp 
Y 2R.n(p/p ) y 
(Sa) 
TASK GROUP REPORTS 
-




2. For all other shapes including compact H-shape a and a may be 
taken conservatively to be 1. 
Formulas (1) and (2) were developed theoretically on the basis of a 
refined computer solution and confirmed by available test results. Formula 
(1) provides an estimate of the maximum strength of a column section sub-
ject to combined axial load and biaxial moments at a braced point, and For-
mula (2) provides an estimate of the critical buckling strength of a long 
column subject to combined axial load and biaxial moments. When the values 
of a and a in Formulas (1) and (2) are taken to be 1, then computed values 
of Mx and My are generally conservative, but economies always result when 
Formulas (Sa) and (5b) are used. 
Biaxially Loaded Columns - Design Developments and Their Evaluation 
J. Springfield, C. D. Carruthers and Wallace 
In this presentation, two areas of recent developments by Task Group 3 
members, which will be included in the Third Edition of the Guide, are cov-
ered. However, a basic improvement which ensues from expressing capacity 
in ultimate strength form rather than working stress form is that the cor-
rect shape factors are used in place of the lowest common shape factor. 
Firstly, PILLAr recommends the following improved design expressions 
for zero length beam-columns. being simplifications of theoretical develop-
ments which satisfy the boundary conditions when one of the three terms is 
zero. 
1. For wide flange shapes: 
M M 
x + ~ ~ 1.0 (8.22) M M px py 
P M M x 0.6 ~ 1.0 (8.23) + 0.85 ~ + ~ P 
Y px py 
2. For HSS Shapes, in which M is the greater of the biaxial moments: 
x 
P M M x 0.5 ~ 1.0 (8.25) + 0.85 ~ + < P 
v ox DV 
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+ 
M 
0.5 tf- s; 
py 
1.0 (8.26) 
From a study of the available test data on HSS Sections, PILLAI has 
found that the following modification of Equation 6.19 from the Second 
Edition gives consistently improved results: 
P C M C M 
+ C lUX X + C my y 1.0 < P P P u M (1 - -) M (1 - -) ux P uy P ex ey 







tnt .. nxhan curve. Ta- -luar..n.gth Cctumns. 
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Secondly, SPRINGFIELD and HEEGAN have evaluated the following proposal 
by CHEN, applied to slender columns, against the available test data: 
M ( x )0: 
M 
ux 
+ 1.0 (8.24) 
Of the three sets of tests, the equation erred on the unconservative 
side when evaluated against the KLOPPEL & WINKELMAN tests, on the conser-
vative side against the CHUBKIN tests but was extremely good when compared 
with BIRNSTIEL'S tests. Indeed, with the exception of one test result, 
CHEN'S predicted capacity was within 3% of the capacity predicted by 
BIRNSTIEL'S indirect incremental-load computer analysis. In view of this, 
CHEN'S equation is recommended for design. 
The various equations for zero length columns are plotted on the at-
tached Figure. Equation 8.21 is taken from CSA 516-1969 and is similar to 
Equation 8.23 but with both coefficients 0.85. 
The following aspects of the problem are suggested for further research: 
1. Determination of exponents for CHEN'S equation for I-shapes and 
HSS-shapes to provide a "universally applicable design expres-
sion". 
2. A study of the appropriate lateral torsional buckling reduction 
for beam columns as distinct from beams. 
Inelastic Flexural-Torsional Stability of Restrained Beam-Columns 
S. Vinnakota, Swiss Federal Institute of Technology 
A numerical method for computing the deflections and rotations, up to 
the point of instability, of elastically restrained inelastic beam-columns 
is described. The cross-section considered is open, thin-walled and arbi-
trary in shape. The external forces applied at the ends of the beam-
column can be a normal force, two bending moments, two shear forces and/ 
or a torsional moment. The restraints are represented by six elastic rota-
tional and directional springs at each end of the beam-column. 
The material considered is ideally elastic-plastic and residual stres-
ses are included in the analysis. The equilibrium equations are written 
with respect to an arbitrary system of orthogonal coordinate axes and the 
resulting fourth order nonlinear differential equations are solved using 
finite differences and the tangent stiffness method. 
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The particular merits of this technique are: 
the ability to cope with any shape 
the rigorous treatment of torsion and shift of the shear center 
the ability to treat unsymmetrical end-moments about either axis 
the cross check on CHEN'S approach since an entirely different 
solution technique is used 
Comparison of the present solution with the test results of New York 
University and with the existing analytical solutions shows the validity of 
the method, in predicting the load-deformation relationship of symmetrically 
or un-symmetrically loaded biaxially bent columns. 
It is pointed out that more test-data are needed since those available 
do not cover the entire range of governing parameters. However, the view 
was expressed that, if the theoretical solution was proven over a reasonable 
range of the parameters, then it could be used to explore economically the 
total range rather than testing the entire range, i.e., a powerful proven 
computer solution can provide the "test results". 
TASK GROUP 4, FRAME STABILITY AND EFFECTIVE COLUMN LENGTH 
Chairman, J. S. B. Iffland, URS/Madigan-Praeger, Inc. 
The Stability of Asymmetric Structures - Research Needs 
P. F. Adams, University of Alberta 
This paper attempts to summarize the research required so that the sta-
bility of an asymmetric structure may be assessed with the same degree of 
confidence as is now possible for a planar frame. The present knowledge of 
member behavior and diaphragm is assessed and the additional requirements for 
asymmetric structures are outlined. The factors which should be included in 
analyses of asymmetric structures are described and the translation of the 
results of these analyses to design is summarized. 
15 
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Computer Program for Obtaining the Instability Loading on Two-Dimensional 
Rigid Frames Under Primary Bending Moments 
J. K. AI-Abdulla and C. K. Wang, University of Wisconsin - Madison 
In this presentation, a brief report was made on the Ph.D. thesis re-
search project which was in progress at the University of Wisconsin-Madison. 
While the bifurcation problem of frame instability without primary bending 
has been successfully programmed on the computer, this project deals with 
obtaining the instability load level on two-dimensional rigid frames under 
primary bending moments. 
Since axial deformation has to be ignored, at least theoretically, for 
bifurcation to exist without primary bending, the same restriction is main-
tained in this study so that primary bending is the only added parameter. 
The regular stiffness matrix [K] and the tangential stiffness [K'] of the 
structure are so differentiated that the first expresses the joint forces 
(p) in terms of the joint displacements (X), while the second expresses the 
incremental joint forces (~p) in terms of the incremental joint displace-
ments (~). It is shown that [K] = [K'] + [R] + [Q], where [R] and [Q] are 
dependent on the changes in the axial forces 6N due to changes in joint dis-
placement 6X. The instability load levels of rigid frames under primary 
bending are those at which the determinant of either [K'] or [K] vanishes. 
For single bay, one story, symmetrically loaded, symmetrical rigid frames, 
[K'] vanishes at much lower load levels (sidesway mode) than [K] (symmetri-
cal mode), although in the computational processes, the symmetrical mode 
tends to approach the sidesway mode through round-off errors. For simple 
gable frames, on the contrary, [K'] vanishes at slightly higher load than 
[K]. For the several unsymmetrical frames studied, [K'] vanishes at some-
what lower load levels than [K]. 
The primary bending generally reduces the instability load levels when 
compared with the bifurcation load on the basis of primary axial forces a-
lone. This reduction amounts to 0.1 to 2.4 percent for simple symmetrical 
frames to 7 to 29 percent for simple unsymmetrical frames. However, primary 
bending increases the instability load by 20.8 to 23.6 percent for simple 
gable frames. 
It was observed that the effect of primary bending is a function of the 
type of frame and loading and it should be further studied considering axial 
deformation and the formation of plastic hinges. 
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Studies of Effective Column Length and Frame Stability 
J. H. Daniels, Lehigh University 
Seven unbraced multistory frames were selected for detailed design and 
analysis as shown in Figure 1. Included were two apartment and five 
office type frames. The frames differed in height-to-width (slenderness) 
ratios, bay widths, story heights and working load level. The frames were 
designed to satisfy either the stress provisions of the AISC Specifications 
or a specified drift criterion. In the stress designed frames the column 
effective length factor, K, was either taken as unity or as provided for by 
AIse. Likewise Cm was taken as for braced frame conditions or as provided 
for by AISC unbraced frames. For the drift designed frames the design was 
to a drift index of 0.002 (roof-to-base). A large number of first and 
second order proportional and non-proportional wind load versus drift index 
analyses were then performed using computer programs developed for this pur-
pose at Fritz Laboratory. The major results are shown in Figure 2. 
Frame 5 Frame 6 





I~ ~ i!.I 0 '" III ~ ~ 12@3O'1 12"'30'1 Story-Boy 10-3 26-3 30-l 3~ 
Spacing ~ 5@20' 12@ 301 
20ft. 30ft. 30ft. 30ft. 
Rool Load Story-Boy 20-1 10-5 40-2 
Live 30psl 30psl 40psl 30psl Spacing 30 It. 20 It. 30ft. 
Dead 40p.1 40psl 50 psI 40psl Roof Load 
Floor Load Live 30 psI 30 psf 30psf Live 40psl 75 psI 100psf 75 psI Dead 40psl 40 psI 40psl 
Dead 55 psI 50 psI 75 psI 50psf Floor Load 
Wall (Slory) Live 75psf 40 psI 75 psI 9.5kips 18 kips 24 kips 18 kips Deod 50psf 55 psI 50 psI Wind Load 
20p.1 20psf 20 psI 20 psI Wall (Story) 18 kips 9.5 kips 18 kips 
Wind Load 20psl 20 psI ZOpsl 
Fig. 1 Frame Dimensions and Loads 
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1.3 -------------------------___ _ 
WORKING LOAD DRIFT INDEX litH 
Fig. 2 Working Load Drift Index & Ultimate Strength Relationships 
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The primary conclusions based on the results of this investigation are 
as follows: 
1. A lower bound to the maximum strength of an unbraced multistory frame 
is determined by a proportional load analysis. 
2. All stress designed frames achieve a lower bound load factor ranging 
from about 1.4 to 1.70, at values of frame drift index ranging from about 
0.002 to 0.004. Therefore, a load factor of at least 1.30 can be achieved 
using the present 1969 AISC beam-column design provisions modified by using 
the actual column length and the "sidesway prevented" (braced) em provisions. 
3. There are appreciable differences between the load-drift relationships 
obtained by the first and second order analyses. The P-delta moment included 
in the second-order analysis is the primary reason for these difference. In 
addition there are appreciable differences between the load-drift relation-
ships obtained from the second-order proportional and non-proportional load 
analyses. In a second-order analysis, the amount of gravity load acting on 
the girders affects significantly the wind load carrying capacity of the 
frames. 
4. Frames designed to meet a drift limitation of 0.002 have very large 
wind load carrying capacity. The wind load factor varies from a low of 1.55 
for a proportional load analysis (lower bound) to nearly 4.0 depending upon 
the level of gravity loads on the girders. 
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5. A simple column design method is recommended that uses the actual 
column length and braced frame em provisions. This procedure accounts 
for the column stability and frame stability components sep~rately. It 
further recognizes that, for the frames studied, so long as the working 
load drift index is less than 0.004 (roof-to-base) frame stability need 
not be considered. 
Computer Program for Plotting the Bifurcation Mode of Two-Dimensional 
Rigid Frames 
M. T. King and C. K. Wang, University of Wisconsin - Madison 
A computer program which gives the effective length ratios of the 
members in a two-dimensional rigid frame has been described in Chapter 
4 and Appendix D of Computet Method6 ~n Advanced S~ctunal Anaty~~ by 
C. K. Wang, Intext Educational Publishers, New York, New York. Described 
in this presentation is an additional subroutine which may be used to ob-
tain the deflection ordinates of the elastic curve in the buckling mode 
at bifurcation. 
The main program terminates at giving out the effective length ratios 
of any rigid frame, however irregular, by taking as input the shape of the 
frame itself, the relative primary axial forces, and the member stiffness 
properties. The operations include the establishment of the stability 
stiffness matrix as functions of the relative primary axial forces. The 
buckling load factor is a common mUltiple of these relative primary axial 
forces at which the determinant of the stability stiffness matrix vanishes. 
The subroutine aims to obtain the shape of the buckling mode, which 
is simply the nontrivial solution of the equation by setting the singular 
stability stiffness matrix at bifurcation to zero. The equation of th~ 
elastic curve of each member in the frame is then determined from the jOint 
rotations and deflections in the buckling mode. 
The subroutine has 83 FORTRAN statements. The only additional input 
required is the number of divisions in each member at which deflection or-
dinates are to be printed in the output. These deflection ordinates are 
measured from a line through the odd-numbered end and parallel to the orig-
inal member direction, with the positive direction pOinting toward the right 
when the direction of travel is from the odd-numbered end toward the even-
numbered end. 
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The Effect of Column Capacity on Frame Strength 
J. A. Yura, The University of Texas at Austin 
Tests on centrally loaded columns have shown considerable scatter in 
the data primarily due to variations in residual stress and initial out-
of-straightness. The effect of this "variable" column strength on the load 
capacity of frames subjected to combined gravity and lateral loads will be 
developed. 
TASK GROUP 7, TAPERED MEMBERS 
Chairman, A. Amirikian, Amirikian Engineering Company 
(G. C. Lee, State University of New York at Buffalo presiding) 
Allowable Stress for Web-Tapered Beams with Lateral Restraints 
M. L. Morrell and G. C. Lee, State University of New York at Buffalo 
The allowable bending stress formula proposed by Lee, Morrell, and 
Ketter* for tapered beams are based on 1) the double-formula method and 
2) simply supported spans. This presentation proposes a single formula 
method for allowable bending stress and also develops formulas to allow 
an increase in bending stress due to the continuous nature of some mem-
bers at points of lateral restraint. 
By combining both terms in the double formula method, the critical 
stress can be increased 15% in many situations. Also by using one for-
mula, transition from elastic to inelastic depends on both St.Venant and 
the warping resistance. The double formula design method provides a 
transition curve for only thin, deep sections, and not for thick, shallow 
sections. Due to this, Figure 1 suggests that for small values of Ldo/Af 
the double formula method for thick, shallow sections is unconservative. 
The second part of the presentation deals with the desire to include 
the effect of adjacent members on the lateral buckling stress of a critical 
span. The previous proposed methods require the design of the critical un-
braced segment to be based on a simply supported beam. After a considerable 
number of calculations (stability analysis was performed using finite ele-
ments) were made investigating the effects of adjacent span length, critical 
*We!ding Re4~ch Counclt Buttetin, No. 173, June 1972. 
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span length, and the number of adjacent spans, it was concluded that much 
of the potential increase in critical stress could be obtained by assuming 
that the critical span had at most one adjacent span on each side and that 
the spans were of nearly equal length. From practical considerations, 
three cases were defined, Figure 2: Case 1, three-span beam with the maxi-
mum moment occurring over the center (critical) span; Case 2, a two-span 
beam where the largest computed bending stress occurs at the smaller end. 
Curves were fitted to the data generated by the stability analysis and are 
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TASK GROUP 8, DYNAMIC INSTABILITY 
Chairman, D. A. DaDeppo, University of Arizona 
Transient Response of an Imperfect Column Parametrically Excited by a 
Periodic Force 
D. Krajcinovic, University of Illinois at Chicago Circle 
W. Feldt, University of Wisconsin - Parkside 
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This presentation examines the response of an imperfect column with ar-
bitary boundary conditions subjected to a periodic axial, compressive force. 
However, instead of the often treated steady-state response, here the atten-
tion is focused on the transient problem. Initial imperfection is assumed 
to be small and deterministic. 
After certain transformations the equation governing the problem reduces 
to a nonhomogeneous Mathieu equation. The separation of variables is shown 
to be exact for the simply supported column and approximate in a variational 
sense for other support conditions. A closed form solution is subsequently 
derived in form of Mathieu (elliptic cylinder) functions and their integrals. 
The resulting procedure is illustrated by means of an example exhibiting 
stable behavior (in the sense of bounded vibration amplitude). The example 
clearly demonstrates the influence of initial imperfections on the magnitude 
of the vibration amplitude. 
The closed form solution for the stable case makes it possible to pre-
dict deflections for any set of initial conditions. The designer can then 
determine whether or not the indicated column behavior will be of concern in 
the design of the structure. 
The authors are currently expanding their investigation to include ex-
amples of unstable cases. The clpsed form solution in this case should also 
prove useful since deflections will remain bounded for any chosen time. The 
loading may be such, i.e., intermittent, that unstable cases remain bounded. 
This, too, should be useful to designers. The figure below indicates the be-
havior for a typical stable case. 
~O~-----------r----------~~--------~L-------~~~~·7 
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TASK GROUP 11, EUROPEAN COLUMN STUDIES 
Chairman, D. Sfintesco, C. T. I. C. M. 
Vice Chairman, W. A. Milek, American Institute of Steel Construction 
Towards European Stability Recommendations - the Work of ECCS Commission 8 
D. Sfintesco, C. T. I. C. M. (presented by L. S. Beedle) 
The Chairman of Task Group 11, who is also Chairman of ECCS Commission 
8, DUiliu Sfintesco, addressed the Column Research Council by letter in view 
of the fact that he could not be present. He summarized the past activity 
of the liaison between Task Group 11 and Commission 8. This took the form 
of two major activities: 1) the guidance of the Lehigh University project 
on Heavy European Column Shapes, and 2) the holding of a joint colloquium 
in November of 1972. 
Since that time the activity of the ECCS has Significantly developed 
and extended. They have formed nine task groups quite similar to those of 
the Column Research Council. 
The objectives lie along the lines of drafting general recommendations 
for the design of steel structures. The group has a target of early 1975 
for completing this work. 
Also, they are in the course of preparing a "Guide" similar to that of 
the Column Research Council. 
There is a strong desire to establish cross connections between ECCS 
and the Column Research Council. It would have strong mutual advantages 
both in the future edition of the CRC Guide and in the efforts of preparing 
a European Guide. 
The Executive Committee of the Column Research Council has endorsed 
this idea and has asked Task Group 11 to outline the plan of implementation. 
Members of the Column Research Council can respond directly, of course, 
making either a direct contact with a Chairman of either committee. 
An international colloquium is in the offing for sometime in 1975 or 
1976. Also one of the major opportunities is in joint research with in-
vestigators in Europe and the United States participating together. 
The Executive Committee can then give the members of the Column Research 
Council a new opportunity for the exchange of information on the stability of 
two-dimensional and three-dimensional structures. 
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TASK GROUP 13, THIN RALLED METAL CONSTRUCTION 
Chairman, S. J. Errera, Bethlehem Steel Corporation 
Stability Considerations for Stainless Steel Structural Members 
W. W. Yu, University of Missouri - Rolla, D. S. Wolford, Armco Steel 
Corporation and A. L. Johnson, American Iron and Steel Institute 
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Cold-formed stainless steel members are often used architecturally and 
structurally in buildings and in other structures for superior corrosion re-
sistance, ease of maintenance, and pleasing appearance. 
AISI's "Specification for the Design of Stainless Steel Cold-Formed 
Steel Structural Members", issued in 1968, covered annealed stainless steels 
in six popular types. A revision of this specification has been recently 
published. It includes provisions for the design of stainless steel struc-
tural members cold-formed from cold-rolled grades of stainless steel as well 
as annealed. Some of the design provisions concerned with stability have 
been modified. 
This paper discusses changes made in the revised specification, rela-
tive to materials, effective design width of stiffened compression elements, 
allowable stress for unstiffened compression elements, and compression mem-
ber design. The research background for the development of the revised de-
sign provisions are reviewed and discussed. 
In this newly revised design specification, two ASTM Specifications 
(A167 and A4l2) were replaced by a new ASTM Specification A666. The design 
equation for the effective width of stiffened elements was revised due to a 
slight modification of the basic formula and the change of the modulus of 
elasticity from 29,500 to 27,000 ksi. For unstiffened compression elements, 
the equations for determining the allowable design stresses were generalized 
to apply for all grades of stainless steels. The above mentioned revisions 
may slightly affect the form factor Q in the design of columns. 
The Torsional Stiffness of Laterally Braced Thin-Ralled Girders 
C. P. Heins and J. M. Snyder, University of Maryland 
During the past five years great emphasis has been placed on the design 
and construction of steel girder-concrete slab curved I-bridges, and in more 
recent years curved steel box beam bridges. The use of a box section, rather 
than the conventional I-girder, rewards the designer with greater torsional 
stiffness providing adequate lateral bracing is specified. The incorporation 
of such bracing, in the evaluation of the torsional stiffness, can be'deter-
mined by first evaluating theeguivalent plate thickness of the bracing and 
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then the torsional stiffness. This procedure is of particular importance 
when examining the dead load response of the beam, prior to the action of 
the composite slab. It is therefore the purpose of this paper, to present 
the results in part, from a recent study which examined the torsional re-
sponse of steel members braced by a transverse lattice network. The ex-
perimental torsional stiffness results were then compared to those stiff-
neeses computed by idealizing the section using the equivalent plate cri-
teria. 
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Each model was subjected to a series of torsional loads (T), the magnitude 
of which was compared to the rate of change in rotation (¢'). The relation-
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Fig. 2 ¢ .. vs. T for Test No.1 
The resulting experimental stiffness (GKT) , were compared to the analytical 
stiffnesses giv~ng excellent correlation. 
The basis for the analytical determination of (G~) utilizes the equiv-
alent plate thickness criteria as per Basler and Dabrowski, with inclusion 
of the bending modes as shown in the following equations. 
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MODELS 
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In conclusion then, it appears that the use of the equivalent plate 
equations for bracing are applicable in connecting a lattice system to a 
continium. or estimating the torsional stiffness of a closed section. 
Inelastic Reserve Strength of Cold-Formed Beams 
H. P. Reck, T. Pekoz, G. Winter, Cornell University 
This research sponsored at Cornell University by the American Iron 
and Steel Institute dealt with inelastic reserve strength of cold-formed 
beams with stiffened compression flanges. 
Initial yield moment defines failure in the usual elastic design cri-
teria. However, for certain sections the actual maximum moment may exceed 
the initial yield moment by a sizable margin. Such sections are often des-
ignated as "compact", In contrast with hot-rolled sections, cold-formed 
sections generally do not fall into the category of sections as defined by 
the A.I.S.C. Specifications for fully plastic design. On the other hand, 
cold-formed sections have a larger portion of their area located in their 
webs compared to hot-rolled section and their neutral axes are usually not 
located in mid-depth. Therefore, frequently initial yielding takes place 
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in the tension flange. These two factors contribute to a significant in-
elastic reserve strength for certain sections. It is this situation that 
necessitated development of an approach very different from that of con-
ventional design. 
In this study the ultimate strain capacity of stiffened compression 
elements asiwell as the inelastic reserve strength and rotation capacity 
due to partial section plastification were investigated. 
TASK GROUP 15, LATERALLY UNSUPPORTED BEAMS 
Chairman, T. V. Galambos, Washington University 
Review of Recent Research on the Lateral Stability of Beams 
T. V. Galambos, Washington University 
A brief review was presented by Professor Galambos. 
Buckling of Inelastic I-Beams Under Moment Gradient 
S. Kitipornchai, Rankine and Hill, Sydney 
N. S. Trahair, University of Sydney 
The inelastic flexural-torsional buckling of I-beams under moment gra-
dient is investigated both theoretically and experimentally. A model is 
proposed which accounts for strain-hardening and the residual stresses. The 
residual stresses create monosymmetry in the yielded sections while the mo-
ment gradient causes non-uniform yielding, and so the shear center position 
varies along the beam. A tangent modulus theory for inelastic buckling is 
developed which is based on the elastic theory of the bending and torsion of 
monosymmetric tapered I-beams of constant depth. It is found the effect of 
magnitude and pattern of the residual stresses may be very important in re-
ducing the theoretical inelastic buckling strength. 
Full scale experiments were carried out on simply-supported lOUB29 beams, 
centrally loaded through a gravity load simulator. Four as-rolled beams and 
two annealed beams were tested. All beams but one failed in the inelastic 
range. It was concluded that the effects of residual stresses in these beams 
were not very significant, and that the geometrical imperfections of these 
beams reduced their ultimate strength below their inelastic flexural-torsional 
buckling strengths. Typical results are presented in the figure below. 
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TASK GROUP 17, STABILITY OF SHELL-LIKE STRUCTURES 
Chairman, K. P. Buchert, University of Missouri - Columbia 
Buckling of Curved Flange Shell-Like Columns 
K. P. Buchert, University of Missouri - Columbia 
Recent developments in the theory of buckling of shell and shell-like 
structures could be of value in developing new structurally efficient struc-
tural shapes. One possible development is the use of curved flange shapes 
as columns. The curved flange would allow much greater bIt ratios than those 
now in use with rolled shapes. The curved flange could also be more econom-
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The following is a summary of the equation for the buckling of a curved 
flange: 
Nomenclature (see above Figure) 
B Length of half-flange (in.) 
D Equivalent EI for shells (in.-Ibs.) 
N Axial force per inch 
x 
Y1 Distance of centroid of flange (in.) 
a Radius of curvature of flange (in.) 
m Number of waves in the x direction 
e Number of waves in the e direction 




1 2 2 (-af + aei - b i) 
aej -
Eq.'B.3 
The variable in Equation B.3 are defined by the following expressions: 
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Stability of Submerged Cylindrical Shells with Deformable Ring Stiffeners 
J. E. Goldberg and D. V. Pathak, Purdue University 
A computer procedure is presented for determining the critical combina-
tions of longitudinal loading and external pressure for ring-stiffened cy-
lindrical shells. Such shells have various applications in offshore technol-
ogy, the most important of these perhaps being the supports for offshore 
platforms. Other possible applications might include underwater chambers, 
underwater storage and submerged pipelines. 
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In the present paper, the longitudinal loading and the lateral pres-
sure may vary arbitrarily with the distance along the axis of the shell. 
The thickness of the shell, the thickness, spacing and form of the ring 
stiffeners may also vary along the shell. This is a typical situation as-
sociated with the design of offshore platform supports which stand in an 
essentially vertical position and are subjected to varying hydrostatic 
pressure and varying axial loading. 
The procedure is based upon the numerical integration method devel-
oped originally by Goldberg and Bogdanoff (1-3) and uses the iterative 
method to obtain the lowest buckling load associated with each of a set of 
circumferential wave numbers. The lowest of these buckling loads is the 
critical magnitude for the loading considered. 
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TASK GROUP 18, TUBULAR MEMBERS 
Chairman, A. L. Johnson, American Iron and Steel Institute 
The Strength of Axially Loaded Tubular Columns 
W. F. Chen, Lehigh University 
Tubular members are the most important components in off-shore dril-
ling and processing rigs. They are also used to a great extent in other 
shoreline construction. However, adequate design guidance is not avail-
able in either of the two nationally recognized regulatory documents for 
the design of steel structures. The specifications. of the American Insti-
tute of Steel Construction (AISC) [1] and the Design Guide for Metal Com-
pression Members of the Column Research Council (CRC) [2] contain for-
mulas consistent only with tests of rolled wide-flange columns and those 
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built-up by welding. Data for tubular columns have not been included in 
these formulas, although limit tests on small size steel pipes indicate 
that they may be adequately designed using the AISC Formula [3]. Conse-
quently, there exists a need for design rules that are applicable to larger 
tubular columns. 
At present, the design of tubular columns does not differ from that of 
rolled and welded wide-flange shapes. Very little information is available 
on the strength and behavior of tubular columns, yet they are used exten-
sively in off-shore structures [4]. Previous research on rolled and welded 
wide-flange shapes has shown a significant difference in strength between 
welded H-shaped columns fabricated from universal mill plates and their rol-
led counterparts [5]. According to the limited information previously avail-
able, welded columns are weaker than hot-rolled columns and fallon the un-
safe side of the design curve (Figure 1). This is due presumably to the 
higher residual stresses and greater out-of-straightness caused by welding 
(Figure 2a). Tubular columns as used in off-shore structures are co1d-
formed from plate, welded along a single longitudinal seam, and used with-
out any kind of stress relief [4] (Figure 2b). The resulting asymmetrical 
pattern of residual stress and its effect on column strength must be exam-
ined. It is proposed herein to investigate the behavior of tubular columns 
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At present, a very significant development in column design concepts 
may be observed. The revision of column curves as well as the introduction 
of more than one curve is being discussed. A study in the United States 
has provided information to the effect of utilizing several column curves 
[6], and the results therefrom are presently being considered by the Column 
Research Council. At the end of 1971, five different column curves, repre-
senting various practical cross sections were under consideration by the 
Committee on Stability of the European Convention for Constructional Steel-
works [7]. The five proposed column curves, with minor modifications, have 
been recommended for adoption by the member countries of the European Steel 
Construction Convention. 
In this new development, the trend is changing from only one single 
basic column curve for all kinds of compression members, as in the past, to 
a number of column curves corresponding to various groups of cross sections. 
This study will provide necessary information for the development of this 
new column design concept for tubular columns as used in off-shore struc-
tures to be worked into the data provided by Reference [6]. 
The work will involve a theoretical and experimental investigation of 
simply-supported, geometrically and materially imperfect columns under axi-
ally loaded conditions. The work will be limited to studies with long col-
umns, i.e., which fail by overall instability. The theoretical and experi-
mental investigations of the subject problem will be described in detail 
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Post-Yield Capacity of Tubular Members 
P. W. Marshall, Shell Oil Company 
Work in connection with the Column Research Council Task Group on Tubu-
lar Members led to the realization that many circular tubes might belong to 
a class of "semi-compact" members. That is, they can develop the fully plas-
tic moment (justifying the use of Fb = O.75Fy up to Dlt = 3300Fy - 9~ for 
A36), but they lack sufficient plastic hinge rotation capacity to redistri-
bute moments as required to develop the theoretical limit load given by ulti-
mate strength analysis (plastic design). 
This conclusion was reached in 1971 as a result of using the inelastic 
mOment-curvature relationships generated by recent pipeline research, in a 
finite increment simulation of typical beams having elastic end moments of 
twice the midspan moment (1). This computer model predicted a severe con-
centration of plastic curvature at the ends of the beam -- curvatures cor-
responding to ovalizing pinch-off failure in the constant bending pipeline 
data -- such that premature failure at less than the theoretical limit load 
would be expected for Dlt greater than 19 (for A36). Applicability 0' plas-
tic design to heavier sections had previously been established by Toprac(2). 
However, it was realized that this pessimistic view of intermediate / 
sections might simply be a quirk of the computer model, in that with real 
members, ovalization is prevented by welded end connections, and that else-
where the critical curvature should at least be averaged over the local 
buckling wavelength. In these situations, moment gradient (or the inverse, 
moment persistence) should be a relevant factor; in short beams with steep 
moment gradients, sufficient plastic hinge rotation might be developed with-
in the protected region. 
To seek resolution of these problems, we persuaded API to fund a re-
search project at the University of Wisconsin, results of which are now 
available (3). 
The experimental moment-curvature data, Figure 1, are reasonably con-
sistent with those used previously in the computer model. Three Dlt ratios 
were used: 102 (approximately the 3300/Fy limit), 19 (corresponding to 
Toprac's earlier work) and an intermediate value of 36. 
Behavior of the thinnest beam was more or less as predicted by the com-
puter model, Figure 2. The heaviest beam developed the theoretical limit 
load without local buckling, also as expected. 
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fiGURE J 
The intermediate beam, Figure 3, was more ductile than expected. In 
fact, the.e te.t. extend the applicability of plastic design to circular 
tube. with D/t up to l300/Fy , span to depth ratios up to 24, and elastic 
moment tabalance. up to 2:1. 
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This behavior may be explained by a proposed elastic beam-plastic mech-
anism model, in which the total deflection is given by 
where 
0total - 0elastic + ehinge • L 
o = elastic elastic deflection corresponding to fully plastic 
moment at first hinge 
L ~ appropriate segment length between hinges in the 
plastic mechanism (see Figures 3 and 4 for example) 




















pinch-off or local buckling 
elastic curvature corresponding to fully plastic 
moment 
local buckling wavelength (axial) as given by 
Donnell & Wan 
length over which moment is constant in vicinity 
of first hinge 
- moment persistence, or length over which moment 
drops from peak to half-value (for parabolic mo-
ment diagrams, Lc and LSO are chosen to approxi-
mate moments in the peak to 80% of peak region) 
- a constant representing integration of the plastic 
curvature, taken as 0.07 
The proposed method predicts plastic hinge rotation capacities of 0.5° 
and 3.0°, respectively, for Dlt ratios of 92 and 36. The corresponding de-
flections are plotted in Figures 2 and 3, and are more consistent with test 
results than the computer model. 
An interesting application of the proposed method is indicated in Fig-
ure 4. This represents the response of foundation piles to an imposed soil 
displacement, as might occur during an earthqueke. The literature indicates 
a high level of concern over this problem, particularly where con~rete piling 
are contemplated. A ductile steel pile, however, which has sufficient bend-
ing strength to spread ou't the required offset, can accommodate the resulting 
more gradual displacements. Consider the example of a 30 ~ .813 pile (nIt -
36) embedded in a medium clay (c - 1200 psf). Taking the lateral load capac-
ity of the loil as 10cD, the proposed model indicates L - 23 ft. between plas-
tic hinges, and a total (elastic plul plaltic) offset accommodation capacity 
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of ~ = 1.7 ft. By way of comparison, an 0.5g earthquake would be expected 
to produce an offset of ~ = 1.0 ft. for the example soil profile, which has 
a silt layer at the shear plane. 
While these results so far seem quite promising, more research is need-
ed to extend them to larger D/t ratios, lower moment gradients, and composite 
(concrete filled) sections. 
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TASK.GROUP 20, COMPOSITE MEMBERS 
Chairman, S. H. Iyengar, Skidmore, Owings & Merrill 
Design of Practical Composite Columns 
S. H. Iyengar, Skidmore, Owings & Merrill 
A report with the above named title was presented by Mr. Iyengar. 
Design of Concrete Encased Composite Columns 
R. W. Furlong, University of Texas at Austin 
Concrete that is used for fire insulation around structural steel col-
umns not only improves local stability of steel components and increases the 
overall stiffness of the column, but also can be assigned some of the load 
capacity. Composite columns can be designed according to the rules for re-
inforced concrete structural members. However, the rolled shape possesses 
advantages over ordinary reinforcement by providing considerably higher shear 
capacity, guaranteeing more ductility, and eliminating the need for falsework 
to support superimposed floor loads during construction. Incidentally, com-
posite columns are allowed to contain considerably higher percentages of steel 
than are reinforced concrete cross sections for which an upper limit of 8% 
eXists. l 
The strength of reinforced concrete cross sections is specified in terms 
of a limiting strain of 0.3 percent in the most highly compressed fiber of 
concrete. The state of strain at failure can be defined by a neutral axis 
and an extreme compressive fiber strain of 0.3 percent. Concrete and steel 
stresses compatible with the strains at failure can be integrated in order 
to evaluate the thrust and moment consistent with the location of the neu-
tral axis. Different locations of the neutral axis provide different combi-
nations of thrust and moment at failure, and tables can be assembled to re-
flect combinations of thrust and moment capacity for any specified cross sec-
tions. 
The slenderness of reinforced concrete columns is reflected entirely by 
means of moment magnification factors for which the modified secant formula 
can be used. 2 Tables can be constructed to display the size of moment magni-
fiers in terms of effective slenderness and average axial stress at failure. 
A comparison of AISC and American Concrete Institute design rules illus-
trates that the effective factor of safety for structural concrete varies 
from 2 to 2.4 whereas that for structural steel columns varies from 1.6 to 
1.92. The ACI formulation for moment magnification probably requires too 
much allowance for apparent "softening" or reduction in effective E associ-
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ated with axial stress at design utlimate loads, whereas the moment magni-
fication relationship .advocated for structural steel reflects no influence 
of softening or reduction of Es at stresses associated with ultimate thrust. 
Reinforced concrete columns must be designed to resist at least some mini-
mum flexural force, but plain steel columns can be designed on the basis of 
concentric axial loads. The differences in safety philosophy permit the 
enigmatic circumstance that allows more load on a large steel column axially 
loaded than the same steel column would be allowed to carry if it were en-
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Improvements suggested for deSign rules applicable to concrete encased 
composite columns include: 
1. 
2. 
(1) End connections should be classified for complete partial or zero 
rotational continuity. ' 
(2) Axial loads should be permitted for composite columns with zero rota-
tional resistance at connections. 
(3) The analytiC evaluation of "EI" should be mad e more accurate. 
(4) Chemical or mechanical aids should be investigated to enhance the in-
teraction between concrete and steel at high strains. 
References 
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TASK REPORTER 11, STABILITY OF ALUMINUM STRUCTURAL MEMBERS 
J. W. Clark, Aluminum Company of America 
Web Crippling of Aluminum Beams Under Concentrated Loads 
Unstiffened beam webs must be able to resist (a) shear, (b) bending, 
and (c) transverse compressive stresses due to concentrated loads and reac-
tions. Current specifications for steel and aluminum structures take ac-
count of these different kinds of stresses individually and also provide 
for interaction between shear and bending. However, there can also be ap-
preciable interaction bet~een the effects of bending stresses in the web 
and compression due to transverse load. This is an area not covered in 
current specifications. 
To provide some data on this subject, a number of box beam specimens 
fabricated from aluminum alloy X7046-T63 sheet were tested. Ratios of web 
height to thickness ranged from 40 to 80; ratios of depth to width varied 
from 1 to 2.67, and ratios of bearing length to web height ranged from 
.125 to 1.0. 
Crippling loads for the relatively short specimens, which were not 
greatly affected by beam bending, agreed well with provisions for allow-
able web stresses in the Aluminum COn6~uction Manual - Aluminum Foromed 
Sheet Buitding Sheathing Veoign Guide, published by the Aluminum Associ-
ation. These ultimate loads were essentially independent of the web depth, 
and bore little relationship to the calculated buckling stress of the web. 
The formula for allowable load on a vertical web in the Atuminum COn6tkuc-
ti~ n Manual is : 
P = O.6t 2 • Fy(6 + 0.4 ~ ) (1.1 - 0.1 ~) 
where P - allowable reaction or concentrate~ load per web, kips 
t 2 web thickness, in. 
F = minimum compressive yield strength of web, ksi y 
N length of bearing at reaction or concentrated loa~, in. 
R - bend radius at juncture of flange and web measured to inside 
surface of bend, in. 
The tests showed a strong interaction between the effect of bending 
stresses in the section and the tendency for failure under concentrated 
loads, as indicated in Fig. 1. In this Figure the ordinate is the ratio of 
transverse load on the web to the transverse load that would cause failure 
in the absence of bending, and the abscissa is the ratio of bending moment 
on the beam to the bending moment that would cause crippling of the section 
in the absence of transverse loads. The relationship can be represented em-
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INTERACTION BETWEEN BEAM STRENGTH AND 
WEB CRUSHING STRENGTH 
TASK REPORTER 16, STIFFENED PLATE STRUCTURES 
R. G. Kline, Naval Architect - Marine Consultant 
A Report on Stiffened Plate Structures (presented by G. Haaijer, u.s.Steel 
Corporation on behalf of Mr. Kline) 
Among the papers concerning the stability of stiffened plates that have 
been published during the past year, the following two papers are of interest 
to the Column Research Council: 
1. tiThe Overall Compression Buckling of Partially Constrained Ship Gril-
lages", by D. Faulkner, Sea Grant Project Office, Report No. MITSG 
73-10, May 10, 1973. 
2. "Buckling of Stiffened Panels Loaded Axially and in Bending" by N. W. 
Murray, The Sb'r.uc.tWttll. tttg.i.ne.eJt, No.8, Vol. 51, August 1973. 
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The first paper presents the current state-of-the-art in ship design 
of evaluating the compressive strength of stiffened-plate deck structures, 
which frequently determines the ultimate strength of a ship in longitudinal 
bending. Faulkner presents an explicit discrete beam solution for biaxial 
compression buckling of an orthogonally-stiffened-plate grillage taking in-
to account elastic rotational restraint at the sides of the grillage, resi-
dual stresses, stiffener plate interactions, inelastic effects, and certain 
imperfections. The author notes the need for extensive structural testing 
to substantiate the true ultimate compressive strength of stiffened plate 
grillages. 
The second paper, by N. W. Murray of Monash University, Australia, dis-
cusses two modes of plastic collapse of stiffened panels in compression. 
Mode I refers to the case in which the panel buckles toward the stiffener 
(stiffener flange in tension) and Mode II refers to the case in which the 
panel buckles away from the stiffeners (stiffener flange in compression). 
The results of both the full-scale and model tests are compared with ana-
lytical predictions. 
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Effect of a Cantral Cut-Out on Buckling Strength of Thin Square Plates 
Under Edge Loadina 
P. J. Fang, University of Rhode Island 
J. L. au, Inar C. Hillman & Associates 
Using compatible elements in the displacement finite element method, 
square plates with a central cut-out of either circular or oval shape and 
with edge condition of either simply supported or clamped edges subjected 
to in-plane edge loading are analyzed to determine the weakening effect of 
the cut-out on the elastic buckling strength. The types of load considered 
are (1) uniformly distributed uniaxial edge compressions; (2) uniformly dis-
tributed biaxial edge compressions with equal magnitudes in both directions; 
(3) linearly varying uniaxial edge compression; and (4) uniformly distrib-
uted edge shear forces. The buckling strength of a plate is presented by 
buckling coefficient, K, which is in the following equation for the critical 
stress of a plate: 
cr 
cr 
where D = the plate flexural regidity; and a,h = the length and the thick-
ness of the plate, respectively. 
The following Table contains part of the results. Some of the results 
are also compared with other theoretical solutions and experimental data 
that are available, which show improved solutions have been obtained. 






S. S. 4.0 4.0* 3.5137 3.8 3.1738 3.56 2.9099 3.0 
Clamped 10.079 10.07* 8.779 8.761 8.588 9.57 8.258 10.32 
s. s. 2.006 2.00* 1.8132 
- 1.6148 - 1.556 -
Clamped 5.305 5.30* 4.875 - 5.281 
-
7.725 -
S. s. 9.794 
-




- 21.656 22.717 -
-
s. s. 9.421 9.340* 7.553 6.120 6.384 5.00 4.320 3.25 
Clamped 14.657 14.58* 11.842 10.25 9.910 8.58 7.322 6.78 
1) va1u~snin Ref. columns are taken from various published sources 
and * indicates known exact values 
2) d· diameter of hola 
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COMMITTEE ON THE CRC GUIDE (3rd EDITION) 
Chairman, E. H. Gaylord, University of Illinois 
Progress Report on the 3rd Edition 
B. G. Johnston (Editor), University of Arizona 
All chapters have been drafted and are in various stages of "finaliza-
tion" prior to release to publisher and to CRC for final review. The chap-
ters, with referenced comments, are: 
(1) Introduction (1) 
(2) Structural Safety (1) 
(3) Centrally Loaded Columns (2) 
(4) Local Buckling of Plates (1) 
(5) Dynamic Load Effects (1) 
(6) Laterally Unsupported Beams (1) 
(7.) Plate Girders (3)* 
(8) Beam-Columns (4) 
(9) Thin-Walled Metal Construction (5) 
(10) Tubular Members (6)* 
(11) Tapered Structural Members (5)* 
(12) Columns with Lacing, Battens, or 
Perforated Cover Plates (5) 
(13) Mill Building Columns (5) 
(14) Members with Elastic Lateral Restraints (5) 
(15) Multistory Frames (7) 
(16) Arches (7) 
(17) 'Stiffened Plate Construction (7) 
(18) Shells and Shell-Like Structures (7) 
(19) Composite Columns (8) 
* All but these three chapters have been available to the Guide Committee 
for review. It is planned to send these out along with the complete 
manuscript for final review. 
(1) All review suggestions noted and these chapters are ready for final 
typing. 
(2) Revised drafts of Chapter 3 were sent out in June and November of 1973 
and in February of 1974. All major changes have now been entered and 
general approval obtained. 
(3) In rough draft form. A number of detailed critical reviews have been 
received and further editing is required. 
(4) Sections relating to biaxial bending have been up-dated recently by 
task group and will go out with complete manuscript. 
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(5) Suggested changes are available and chapters are ready for final minor 
editing. 
(6) Chapter 10 is being "finalized" and up-dated by Task Group 18. 
(7) These chapters were completed in finished form by their respective 
Task Groups with only minimal changes suggested by their reviewers. 
Chapter 15 went through a sequence of nine revisions. 
(8) A finished draft of this Chapter 19 was prepared by R. Furlong and 
is available. 
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S P E C I A L EVE N I N G S E S S ION 
(PANEL DISCUSSION) 
STABILITY PROBLEMS IN OFFSHORE STRUCTURES 
MODERATOR: L.A. Boston, J. Ray McDermott & Co., New Orleans 
SPEAKERS: A.R. Desai, Brown & Root, Houston 
J.C. Wilhoit, Jr., Rice University 
T.G. Johns, Battelle, Columbus Labs 
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OPENING: Dr. T. V. Galambos, Chairman of the Column Research Council, 
opened the evening session by thanking Larry Boston, Jim Lloyd, Roger 
Maddox and the Council's Secretary, Dr. B. G. Freeman for organizing the 
meeting. After a brief review of the Council's composition, research work 
and international character, he commended all members of the Task Groups, 
the Executive Committee and the Editor, Professor Bruce Johnston, who con-
stituted the backbone of the current preparation of the 3rd Edition of the 
CRC Guide. He also acknowledged Professor George Winter as the Vice Chair-
man and Dr. Lynn S. Beedle as the Director of the Column Research Council. 
Following Dr. Galambos' introductory remarks, Larry Boston, who was the 
Moderator for the Panel Discussion, explained in some detail the interest 
of the American Petroleum Industry (API) in the Council's work, in particular 
those connected with tubular columns. He mentioned the problems which are 
encountered when such columns are sunk up to depths of 800 feet under the sea. 
On this note, he introduced Mr. A. R. Desai, one of the three panel 
speakers for the evening. 
MR. DESAI: l 
What I intend to do is give a very brief overview of what a platform and 
pipeline look like and what are the basic steps involved in the construction 
and installation of these two major components. The fixed platform and the 
submarine pipeline could be considered as two main structural components of 
an offshore oil producing and developing facility. The platform provides a 
safe, stable working area to carry out some of the processes required in 
bringing up the oil, treating it, and carrying it through whatever chemical 
processes are required. The pipeline is the conduit that takes the oil onshore. 
So, what I want to do is show SODe of the basic steps involved in constructing 
the platforms and the pipelines, and then explain some of the specialized equip-
ment that is required for the construction and installation of these components. 
1. Senior Project Supervisor, Marine Technology Department, Brown & Root. 
B.S. University of Bombay; M.S. Rice University; H.B.A. University of Houston. 
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Fig. 1 shows a typical wellhead-to-destination facility. The major 
elements are the driliing platform, the production platform, and the pipeline 
that goes to the onshore terminal. The drilling platform is called a Itmulti-
valve platform" since it has more than one valve. Multi-valve platforms can 
have anywhere from two to 60 valves. The oil comes out of the ground up to 
the drilling platform~ and is directly transferred to the production platform, 
which could be a small facility (if the oil is not treated much) or it could 
be a pretty complex facility. From the production platform, the oil goes 
through a riser down to the pipeline, which takes the oil to the onshore ter-
minal. 
Fig. 2 shows a plan view of a typical offshore producing facility. This 
is a plan of an actual field off the coast of West Africa~ near Cabinda. It is 
in relatively shallow water. So, instead of having a multi-valve platform, it 
has a bunch of single-well platforms. They are connected to the gathering sta .. 
tions with individual flowlines which are small dams in the pipeline. These 
gathering stations are connected to each other. The main trunk1ine goes from 
the gathering stations to the onshore facilities where there are storage facil .. 
ities. This particular field also has a pipeline coming from the onshore 
facility to a tanker loading facility, shown in the lower left hand corner of 
Fig. 2. This offshore tanker loading facility is called a "single buoy mooring 
facilityll. 
In. shallow water, single-valve platforms are used, but in water more than 
50 or 100 feet deep, one definitely uses multi-valve platforms. We have in-
stalled hundreds and hundreds of platforms in water depths of 100 to 1000 meters, 
which is well over 300 feet. 
Looking at the platform as a structural element, one can subdivide in into 
three basic components: 
1) The outer jacket, which includes the main structural tubular members. 
It contains the legs of the platform through which the piles are 
driven later on. It's connected by means of braces. 
2) The jacket. It contains the piles, which go through the main tubular 
members and, of course, anchor it to the sea floor. 
3) The leg section which sits on top of the jacket. 
The basic philosophy in the construction and the installation of these 
platforms is to do as much construction as possible onshore and to do as little 
as possible offshore. One of the obvious reasons is that offshore construction 
is pretty risky and expensive. The design of the platform of course is like 
h' " any 0 ar structure.. It s basically designed for the equipment dead loads and 
for the environmental loads, such as the waves, the Wind, and the current. 
Sometimes one has special loadings like ice loading if you're in Alaska and 
earthquake, and others like that. One also has to consider the insta1l~tion 
loads, because these structures are installed in a certain fashion which will 
create quite a bit of stress. 
The jacket is basically constructed as tWO-dimensional frames lying hori-
zontally. Using pretty heavy clamps one adds the vertical dimension and then 
puts in the cross members to complete the jacket. These are all tubular me~ 
bers. Fig. 3 gives you a fairly 8QOd idea of what one of the joints on a 
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jacket could look like. This is for a particularly deep water structure, and 
it's not typical but it's fairly close. Most of the complete jackets are 
pretty heavy, so that one can hardly lift it with a yard crane. Instead, one 
skids it onto the cargo barge or launch barge and pulls it offshore. Most of 
the time, the next section is fabricated in vertical position, unlike the 
jacket section. The next sections are also heavy enough, so that they are 
built directly on skid bins. After completion, they can be skidded onto the 
cargo barge which will take them offshore. In Fig. 4 we see the jacket being 
towed offshore. The jacket really dwarfs the barge that is carrying the jac-
ket. This barge is not only a cargo barge but it's also a specialized barge 
that launches the jacket. Some of these jackets are towed for thousands of 
miles. For example, the last ones we moved were towed all the way out to the 
North Sea. Fig. 5 shows the next step in the process, where the jacket is 
actually being launched off the launch barge. The jacket, with the members 
closed off, is bouyant. By selectively flooding the members, it can be made 
to float in an upright position. Once the jacket uprights itself, a barge, 
called the derrick barge, picks up the jacket and places it in the proper 
location and orientation. The jacket now is ready to receive the piles, as 
seen in Fig. 6. The same derrick barge is equipped to drive piles through 
the tubular members of the platform legs. The next step is to cut off the 
piles at the proper elevation and to make them ready to receive the next 
section. Fig. 7 shows the next section being lifted into place. It's act-
ually stamped into the jacket structure itself. The piles are welded onto 
the jacket and the next section is welded onto the piles. Most of these 
sections are usually already equipped with the production equipment that is 
going to be on the platform. By installing the whole thing as one package, 
you cut down on offshore construction time. Large cranes, anywhere from 
250 tons to 600 tons are used to handle the heavy sections. Sometimes the 
sections, even with the two cranes, become too heavy and some of the equip-
ment is added later. Fig. 8 shows what the completed facility look like. 
This particular platform is an 8-leg platform in the Gulf of Mexico, in water 
360 feet deep. The installed cost is probably from 4 to 6 million dollars. 
This gives you an idea of how a platform is constructed. The next component 
is the pipeline. 
The design of the submarine pipeline is a little different from the land 
line. Besides the size of the pipeline having to match the proper flow char-
acteristics; various other loadings have to be taken into consideration, wall 
thicknesses must be designed based on the stress, the grade of the pipe, the 
kind of corrosion coating it's going to have and, lastly, a weight coating on 
the system itself. Basically, the loads that a submarine pipeline encounters 
could be considered as two types: the operational load and the installation 
loads. The operational load is the pressure of the oil or gas flowing through 
the pipe and the bottom stability problem. This stability is not the same 
stability that most of you CRC members are familiar with. This is a stability 
against movement caused by wave action and currents and tidal actions on the 
pipeline when it is sitting on the bottom. Because of this, one really has to 
go into the proper design of the weight coating of the pipeline. In some cases, 
like in the North Sea, the pipeline has to be designed for special conditions. 
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In the North Sea, there are very heavy fishing activitiesb dT~ey ~~:g very hu e trawler nets across the bottom and this can be very a or 
pi:eline. So, one has to use the weight coating as a mechanical protection 
on the pipeline, too. 
Th ext category of loading is the installation load on the pipeline. 
Now un~i~e the platform. the dominant loads on the pipeline are the instal~ 
lation loads rather than the operational loads, and this is true in any kin 
of water depth. Even though the installation loads are for a very short-term 
period (while you are actually installing the pipeline) they will dominate 
the design of the pipeline. One has to design the wall thickness based on 
the length stresses rather than the operational stresses. Of course, these 
length stresses, (the installation loads) are dependent upon the type of 
equipment used and also on the technique used in installation. 
The first technique in installing a pipeline is a very simple one. All 
one has to do is to make the pipeline in short strings On ~he shore and pull 
them offshore using a tug or anchor and winch system. This was the method 
used years ago. Basically it still is the simplest way, but it requires 
quite favorable bottom conditions. 
Another method of laying pipeline, which also has restrictions, is the 
so-called "reel barge method". Basically, the pipeline is installed like 
one installs a telephone cable across the ocean. The pipeline is made in 
long strings on shore, and rolled onto a large drum. The drum is put on the 
deck of a barge and the pipeline is then pulled off the barge. This method 
is limited to very small diameter pipe; mostly it's good for flow lines in 
the range of 4 to 6 inches. They claim to have gone as big as 12 inches, but 
that is about the limit of it. The kind of bending strain that pipeline goes 
through when it is wound on the reel is way beyond the elastic range of the 
materials that are considered here. There is a special straigtening platform 
on the barge that straightens out the pipeline before it goes into the water. 
This method has its advantages, but the basic disadvantages are that it is 
limited ,to small size pipe, and you cannot put concrete weight coating on, 
because the concrete will not stand this kind of bending strain. Therefore, 
the compromise is to put additional weight on the pipe for stability purposes. 
All one has to do is use more steel, that 'is, go to a heavier wall thickness 
than one normally would need. As one gets into larger sizes, this becomes 
a little expensive compared to concrete. 
This brings us to the basic workhorse of the industry. This is what we 
call the "Lay Barge Method tt of installing pipelines. Today, probably about 
90% of the offshore pipelines are laid using the Lay Barge Method. In Fig. 9 
we see a lay barge which is 100 feet wide, 400 feet long arid has three decks 
on it. There is the lower machinery deck; the middle deck, where air condi-
tioned quarters for up to 250 men is provided; and the top deck, which is the 
working deck. It really is a floating factory. In the water, on the near 
corner, you can see the ramp which has shoes on it to support the pipe as it 
enters into the water. Starting from the bow, we have stocking shoes, the 
conveyors, those little reel-like things which are tenSioning devices that 
can apply tenSion to the pipeline, and the cranes to handle the pipeline. 
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Fig. 10 illustrates the basic flow of the pipe on the lay barge. Everything 
is basically done as an assembly line operation. The pipe comes to the lay 
barge from shore by supply ships. It comes in 40 foot sections all coated 
and ready to be used. The cranes on the barge pick up the pipe and stow it 
on pipe racks on top of the barge. From the pipe racks, a new section of 
pipe goes down a conveyor to the welding and line-up stations. Specially 
built stocking stations can handle the section vertically, horizontally and 
rotationally so that it may be lined up and welded to the existing pipeline. 
Not all the welding of the joint is done in one location. Th~re are 3 
or 4 welding stations so that several joints can be welded at a time. When 
the welding is completed the pipe goes through the pipe tensioner, on its 
way to the x-ray station where every weld in 100% x-rayed. It has to pass 
the x-ray test before it can move on. Next, there is the "field joint 
station" where they put the corrosion wrap on the joint itself, and fill in 
the gaps on the concrete coating as necessary. From there the pipe enters 
onto the pontoons. Fig. 11 is just an actual photograph of a lay barge, 
where the supply barge, the derrick barge, and a couple of tugs are shown, 
as well. The equipment is worth about 25 million dollars. 
Now we come to the basic problem of how to lay the pipe. The most 
crucial point in any pipe laying operation is getting the pipe from the 
surface to the sea floor without overstressing it. That is the whole name 
of the game. The basic technique to accomplish this is the use of pipelaying 
pontoon, as seen in Fig. 12. Fig. 12 shows a straight pontoon where, in this 
simple case, the pipe comes up from the bottom of the barge. It is supported 
by shoes on a gently curving ramp as it enters the water. It goes into the 
pontoon whlch supports the pipe all the way down to the end. and then the 
pipe actually spans as a simple beam to the sea floor. The pontoon act like 
nothing else but an extension of the barge. It's an inclined ramp which is 
buoyant. Its balance and configuration can be adjusted. This kind of a 
straight pontoon is good up to a certain water depth. Obviously, as the 
depth gets deeeper, one needs a longer pontoon. Then there is a point where 
one is no longer concerned with the pipe stresses but rather with keeping 
the pontoon together. To give you a typical example, a pontoon can be 500 
feet long, and one can imagine that a pontoon of this size subjected to all 
the environmental loads could well have problems. 
This brings the next stage. As the water gets deeper, instead of a 
straight pontoon, one goes to a curved cove. We use a curved pontoon and 
apply tension to the pipe, which cuts down the pontoon length considerably. 
Now the pipe, instead of spanning as a simple beam, goes into a S shape 
curve. It goes through an oval region and a segment section. The pipe in 
Fig. 13 is undergoing bending and tension. It there is not sufficient 
tension, you have bending and compression at the bottom. 
To give an example of what a curve pontoon versus a straight pontoon 
results in, consider a 30 inch pipe which weighs something like 100 pounds 
per foot submerged weight, laid in 300 foot water depth. If one wants to do 
it with a straight pontoon, one is talking about a pontoon approximately 
1200 feet long and this becomes unfeasible. The same thing can be achieved 
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big a 220 foot curved pontoon and 60,000 pounds of tension. Theoreti-C~l~; ~his method of "curved pontoon and tension" has unlimited depths to 
which you can lay. It is a question of having enough tension to apply to 
the pipeline. Right now, we have existing tensions that we think can t~ke 
up to 1200 foot water depths. But, again, there are other problems, llke 
the anchoring. Of course, all the tension that one applies to the pipeline 
has finally to be reacted against by the anchoring system. As one goes 
into deeper water, not only has one to react against larger tension forces, 
but the anchors act as a softer spring. It becomes more difficult. One 
cannot handle the pipe if a buckle or damage to the pipeline occurs. It 
is difficult to pick it up. One has problems with diving in the deeper 
waters. As far as the pipe wall is concerned, it becomes a very different 
game. The pipe is not only subjected to very high bending loads with ten-
sion but it is also subjected to pretty high hydrostatic pressure loads. 
Once the pipe is laid on the bottom, the next step is to set the risers 
which are the vertical extensions of the pipeline reaching to the platform 
deck. Once the risers are set, the next step is to set a hydrostatic test 
on the whole riser and pipeline. After the system passes the test, it is 
ready for the burying of the pipeline. Not all pipelines are buried, but 
the trend, right now, is to bury them. Fig. 14 shows a elevation and plan 
of a bury barge. It is essentially the same size as a lay barge or a der-
rick barge. The special equipment is at the stern of the barge; it is the 
A-frame that supports the whole business. The wide, ship-like thing is 
called a ladder. Then there is a sled, which actually sits on the pipeline. 
The way the pipeline is buried is a "sel£buryll operation. A trench is dug 
under the pipeline and the pipeline settles into the trench. In Fig. 15, 
we see the sled that is being towed on the pipeline. It incorporates, a 
so-called lIclaw" which has a number of jet nozzles on it. We pump high 
pressure water down the jets and this stirs up the material on both sides 
and underneath the pipeline and creates a trench, into which the pipeline 
settles. The diameter of pipe for this operation ranges from 6 inches to 
54 inches. The jet sled is pulled along the pipeline by the tow line. 
There is some pretty fancy equipment in the sled. It has a bunch of load 
cells and TV cameras, so that the man who is running the thing from the 
barge can monitor the sled right on the pipeline. This is necessary in order 
not to buckle the pipeline. 
Fig. 16 is an aerial photograph of a bury barge, where the A-frame, the 
sled and the hoses that take the high pressure water down to the sled can be 
seen. A good view of the ladder, which is actually underwater is also shown 
in Fig. 16. Fig. 17 shows a suction pump picking up the material that is 
stirred ~p on the bottom and bringing it over the side. Beyond 200 feet one c~nnot p1ck up the stirred-up material, but by using an air lift one can sort 
o pick it up over the pipe or get it away from the pipeline trench. 
, I know I didn't go into the technical aspect of the pipe 
1 m,sure PrOfessor WilhOit and Tam Johns will do some justice 
isn t as easy as it sounds in ~ presentation. Thank you. stresses, but to that. It 
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PIPE BURY OPERATION 
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DR. JOHNs: 2 
We at Battelle recognize the fine work that the Column Research Council 
is doing. I'm going to talk tonight about a program that has been going 
on at Bettelle for over three years. This program, which is now going 
into its 4th year, is sponsored by both the users and the producers of the 
offshore pipelines. The goal of this research program was to develop an ex-
perimentally verified analytical procedure to evaluate the stability of the 
offshore pipelines. Moreover, it Was considered equally important to develop 
the procedure in such a way to be easily used in the course of design of a 
pipeline. In general, the study has provided a more comprehensive under-
standing and insight into the nature of pre- and post-buckling behavior of 
pipelines. During the course of the investigation, a possible buckling action 
of the pipeline was identified which had not been previously realized; the 
discovery of the propagating buckle phenomenon. 
If a shell is subjected to hydrostatic pressure at some point, the shell 
will buckle. If the same shell is subjected to pure bending, at some bending 
moment, it will also buckle, but the buckle geometry will be quite different. 
The buckle due to bending will be a local buckle, whereas the one due to bydro~ 
static pressure will be a longitudinal one that completely collapses the pipe. 
It was found early in our work by experiment, that the transition from a local 
buckle to complete collapse is a sudden one. 
In the laying operation combined loadings are imposed upon the pipeline. 
Figure 1 shows a typical pipe laying barge. The operating loads on the pipe-
line are hydrostatic pressure due to water pressure, bending in the sag region, 
and axial load applied by the barge. An important factor is that the location 
of maximum bending stress, in the sag region of Figure 1, is also the location 
of high hydrostatic pressure. It was found that when a pipe buckles under 
sufficient hydrostatic pressure, the buckle will change its orientation from 
a local buckle to one with an infinitely long wavelength. In doing so, the 
buckle propagates along the pipeline until it hits something such as a valve, 
stiffened section, or until it propagates into shallow water where the pressure 
is not sufficient to sustain the buckle. If such a buckle were to occur, the 
monetary losses could be very large. 
Figure 2 shows the transition from propagating to local buckle geometries. 
When a buckle occurs with very little hydrostatic pressure and a great deal of 
bending, the buckle has a finite wavelength, and appears as a kink (bottom of 
Figure 2). As buckles are established with greater hydrostatic pressure and 
less bending, the wavelength of the buckle becomes longer. Notice a transverse 
2. Staff Engineer, Applied Solid Mechanics Section~ Battelle, Columbus Labs. 
B.E. Youngstown; M.S. Ohio State Univ.; Ph.D. Ohio State Univ. 
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crease pattern formed in the pipe by the post-buckling deformation. When 
the buckle propagates it appears as the top photo in Figure 2; notice the 
pipe also shows evidence of once having this transverse crease. In the 
diagram to the left of Figure 2 pressure is plotted on the abscissa and 
bending moment on the ordinate. Several experimental points are plotted 
in the diagram that were determined from combined loading tests on model 
specimens. Many experiments were performed to determine the initiation 
pressure of the propagating buckle, i.e., the pressure above which if a 
buckle were to occur, it would propagate. 
In the analytical formulation of the buckling problem, the stress-
strain behavior of a typical pipe material was assumed to be nonlinear, 
since for the D/t to be considered buckling occurs often in the plastic 
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range. The stresses were assumed to increase with increasing strain accord-
ing to the tangent modulus theory, which I am sure most of you are familiar 
with. The tangent modulus theory provides a mathematically simpler procedure 
and has been shown to better represent experimental results. The stress-
strain behavior was modeled according to a Ramberg-Osgood formulation, Fig-
ure 3. We tested many materials that are commonly used in pipelines and 
characterized them by various a (which is much like a yield stress) and 
various coefficients N (which ig a measure of the amount of work hardening 
the material possesses). The characteristic stability equations for the 
pipeline were developed by following the analytical approach of the well-
noted Soviet author of elastic stability, A. S. Vol'mir. The general 
displacement function was assumed of the form shown in Figure 4. For the 
onset of buckling, only the first term of this function was used and the 
parameters were chosen for the existence of a non-trivial solution. For 
the post-buckling solution, the parameters of the assumed displacement 
function were obtained so to obtain an optimum solution to the equilibrium 
and compatiability equations by means of the Galerikin method. As a result 
of solving these equations, a set of curves like those shown in Figure 5 are 
obtained. The ordinate of the figure has been nondimensionalized with respect 
to the critical pressure as given by elastic theory. The abscissa is nondi-
mensionalized with respect to the longitudinal strain at which the shell 
buckles under axial stress alone. The stability regions are shown for two 
shells having the same D/t but different a and N. Material No. 1 was one 
that had a rather high yield stress and ve~y little work hardening (nearly 
perfectly plastic). Material No.2 was more like some pipeline material in 
that it had a lower yield stress and a greater work hardening. It is seen 
that there is much difference in the stability curves. Buckling, of course, 
is predicted if the operating stress falls outside the stability curve; if 
the operating stress falls inside this curve no buckling is predicted. 
In the elastic stability of shells under combined loading, a conservative 
method of estimating the stability curve is to connect the intercepts on the 
ordinate and abscissa of the pressure-moment diagram with a straight line. It 
is easily seen if a pipeline were designed to this criteria for material No.2, 
that the pipe would buckle. Through experimentation, Figure 6, it was verified 
that the analytical method provided a lower bound to the buckling stability 
surface. The cause for the lower bound was that the problem of hydrostatic 
pressure and axial load was solved rather than hydrostatic pressure and bending. 
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In the elastic range, the critical stress state for the two,cases , however, 
is identical; in the plastic range, the axial solution prov~des a lower bound. 
Further, the data points in Figure 6 were for perfectly round cylinders. i.e., 
no imperfections. An extensive study of imperfections was performed ex-
perimentally, but we have not yet begun an analytical formulation. We are 
now considering going back and performing the rigorous bending solution. 
For the post-buckling behavior, let us examine typical pressure versus 
deflection curve for a shell under a particular bending strain, Figure 7. 
The horizontal axis represents the maximum deflection to be found on the 
shell nondimensionalized with respect to the pipeline thickness. Upon in-
creasing the pressure to some Point A buckling occurs, and the shell surface 
snaps through or jumps to a new equilibrium position, Point B. There is 
associated with Point A some wavelength of the initial buckle. At Point B 
the wavelength need not and in general is not the same wavelength as Point A. 
At Point B the wavelength of the buckle is still finite. As the pressure is 
increased the deflection increases and the equilibrium position moves up the 
load deflection curve, and as it does, the wavelengths of the buckles begins 
to get longer and longer. At Point C the shell can sustain no more pressure, 
and a jump again occurs. The wavelength of the buckle then become infinite 
and in doing so the buckle propagates. Now, under small bending strain, the 
pressure associated with Point C becomes below that of Point A. When the shell 
buckles it snaps through and attempts to find an equilibrium position, but never 
does. The wavelength becomes immediately infinite and the buckle propagates. 
The pressure associated with the first occurrence of such action is called the 
"initiation pressurell • This pressure which is particular to each D/t has become 
a design pressure of pipelines. Figure 8 shows load deflection surfaces for twO 
different pipe materials. Notice significant difference between the surfaces. 
The first material had a high yield strength (high 0 0 ) and very little work 
hardening (high N). The second material had a low yield strength (low 00) and 
a great deal of work hardening (low N). It is noticed that the surface for the 
pipe material with a great deal of hardening is stretched out along the bending 
strain axis indicating that it requires more bending strain to buckle the pipe 
under low hydrostatic pressure. And, it is also noticed that it requireS lesS 
bending strain to buckle the pipe under high hydrostatic pressure. 1 should 
point out here that these curves are not exactly correct. As Larry pointed out 
in an earlier discussion, this curve should have a double dip. That is, when 
the bending strain is zero, the pressure-deflection curve should drop down as 
does the longitudinal strain-deflection curve when pressure is zero. The fact 
that it does not dip was due to an assumption made that the f term of displace-
ment function was zero. We are presently correcting this assamption. Although 
the curves are somewhat in error, one can still examine the post-buckling be-
havior qualitatively. 
Our experimental program was directed along two lines. First, we performed 
experiments with full-scale pipe having diameters of 12 to 20 inches and with 
materials that you would typically get out of a tube or pipe mill. Second, we 
performed model tests with tubes having diameters of 1-1/2 to 2 inches. The 
reason for model testing was cost and convenience. A British company performed 
a single combined pressure and bending test on full-scale pipe in the Mediter-
:~:::~ ~~a~u:~~e~~stfof ~h~ test was more than our entire program, which con-
a mo e tests and numerous full-scale tests. The apparatuS 
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shown in Figure 9 (top) is a four-point bending fixture to apply moment to 
a length of model pipe 44 inches long. The apparatus may be inserted into 
a pressure vessel capable of pressures up to approximately 2000 psi. In the 
vessel combined pressure and hydrostatic pressure experiments can be performed. 
For full-scale pipe, we also performed four-point bending tests, Figure 10. 
The tests were performed using a 750,000-lb MTS electrohydraulic fatigue 
machine to apply a constant moment to a l2-foot. section. Figure 11 shows the 
experimental fixtures used for the propagating buckle experiments with model 
pipe. Propagation speeds were measured and compared to calculated values. 
The experimental arrangement shown here consisted of a lS-feet-long pressure 
vessel capable of approximately 2000 psi. Also, shown in Figure 11 is a long 
tubular 2-inch diameter specimen being placed into the vessel. The moment was 
applied to the specimen by means of the loading arm. Dents were introduced to 
initiate a propagating buckle. These were usually ones in which the propaga-
tion velocity was going to be measured. Figure 12 is a photograph showing 
some of the equipment used in our full-scale propagation studies. It con-
sisted of a 48-inch-diameter pressure vessel 65 feet long, capable of pressures 
to 1000 psi. A typical specimen is shown with bulkhead welded on. Also shown 
is the hydraulically actuated indenting device used to introduce a dent in the 
pipe and to initiate a buckle. Experiments were performed in this vessel to 
measure speed of propagation as in the model tests. A considerable amount of 
this program has been devoted to the study of buckle arrestors. Arrestors are 
placed on the pipeline to stop a propagating buckle once initiated. Spacing, 
overall dimensions, and type of arrestor were subjects of this study. 
The program is now in its fourth year with much of our work aimed at 
analytical methods of determining accurately the initiation pressure and 
establishing guides which would aid in the design of pipelines. 
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FIGURE 1. SKETCH OF LAY BARGE AND STINGER SHOWING 
AREAS IN WHICH STRESSES ARE IMPOSED ON A 
PIPELINE AS IT MOVES FROM THE BARGE TO 
THE SEA BOTTOM 









FIGURE 3 STRESS-STRAIN BEHA VIOR 
\vhe r e 
€. the strain intensity = 4 [~ 2 + E 2 + € €. ] 
1 3 x y x Y 
2 2 (Ji = the stress intensity = (J + (J - 0- (J 
X Y X Y 
(Jo= the Ramberg stress 
N = the Ralnberg exponent. 
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3 PROF. lHLHOIT: 
SUBMARINE PIPELINE RESEARCH AT RICE UNIVERSITY 
I. INTRODUCTION 
In response to increased interest in the numerous problems involved 
in laying offshore submarine pipeline, a proposal was submitted by Rice 
University in 1968 to a number of companies involved in offshore oil pro-
duction. The proposal, entitled "The Effect of Concrete Coating on the 
Mechanical Behavior of Line Pipe" was submitted by J. C. Wilhoit, Jr. 
of the Mechanical and Aerospace Engineering and Materials Science Depart-
ment and by J. O. Jirsa, then of the Civil Engineering Department at Rice 
University, currently a member of the Civil Engineering Department at the 
University of Texas. Thirteen companies sponsored the first year's work, 
eleven the second year's and ten companies sponsored the third and final 
year's work. Dr. John Merwin of the Rice University Civil Engineering 
Department joined the project in its second year. 
The following problems were treated during this project, most of 
which have been reported on in the literature and these papers are listed 
in the references at the end of this paper. 
1.) The effect of concrete coating on bending in both elastic 
and plastic range. 
2.) The ova1ing of pipe in bending in both the elastic and plastic 
range, with and without concrete coating. 
3.) The buckling of pipe in the plastic range due to bending. 
4.) The effect of reversed bending. 
The pipe considered ranged from 10 inch O.D. to 20 inch O.D. with diameter to 
thickness ratios from 30 to 79. 
I I • EXPERIMENTAL TEST SET-UP 
The test set-up is on the test floor at Ryon Laboratory at Rice Univer-
sity, Houston, Texas. A pipe is tested as a simple beam with steel frame 
supports at each end and at the load points. A schematic, representation of 
the test set-up is shown in Fig. 1. The loading arrangement produced a region 
of pure flexure over the center portion of the span. The support and load 
frames were assembled to eliminate as nearly a,s pOSsible restraint to lateral 
movements or rotations and to avoid introduction of· axi 1 f Fi 2 h 
11 a orces. g. SOWS the overa test set-up. The load is measured by means of load cells in the 
support frames. The load is applied through hydraulic j k i h f 
hi h 11 i ac s n t e load rameS w c pu ags nst the floor through the tie-down frames. 
3. Professor, Mechanical & Aerospace Engineering, Rice University, Houston 
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Saddles are employed in the support frames to distribute the load. 
For bare pipe, saddles are also employed at the load frames. In general 
therefore, four saddles are required for each pipe diameter tested. For 
concrete coated pipe, a flat pedestal of hydracal was built up on the top 
of the pipe where the load frames were placed in order to distribute the 
load, Fig. 3. 
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The jacks in the loading frame allow a maximum possible load of 120 kips. 
The maximum moment transmitted to any pipe to date is a little over 1000 kip 
feet but it is hoped ultimately that the test floor at Ryon Laboratory will 
be completed as originally designed so that much larger moments may be applied. 
The largest pipe tested to date is a 24 inch pipe although the frame will hold 
a 27 inch pipe. The completion of the test floor would allow larger pipes 
to be tested. 
III. Original Sponsored Research 
1. The Effect of Concrete Coating on Bending in Both the Elastic and 
Plastic Range 
This was the first problem considered during the original research under-
taken at Rice University. The properties of the pipes tested were 
SIZE, INCH STEEL STRESS CONCRETE CONCRETE 
SPECIMEN (OIA )( o It @ 0.2% INTERFACE THICKNESS, STRENGTH. 
THICKNESS) OFFSET KSI MATERIAL, INCH INCH KSI 
1251a 12-3/4 )( .406 31.4 65.0 5/8 SOMASTIC 1.30 4.7 
1251b 12- 3/4 )( .406 31.4 57.6 5/8 SOMASTIC 1.20 4.7 
1251c 12.3/4 )( .25 51.0 48.3 1/2 SOMASTIC 1.45 3.8 
12Wl 12- 3/4 )( .406 31.4 59.6 1/4 WRAP COAT 1.30 3.0 
12- 3/4)( .406 31.4 61.5 1/4 WRAP COAT 1.70 3.5 12W2 
16S1 16-0 )( .50 32.0 54.5 5/8 SOMASTIC 1.00 3.5 
16S2 16-0 )( .25 64.0 47.0 1/2 SOMASTIC 1.70 4.5 
20-0 )( .50 40.0 55.3 5/' SOMASTIC 1.45 3.8 20S1 
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The stress-strain relationship for concrete is given by an equation developed 
by Hognestad (1). This is a typical stress-strain relationship for concrete 
obtained experimentally from concrete cylinders. The assumed stress-strain 
curve is shown in figure 4. The concrete strength listed in the previous 
table is the value oc' obtained from a standard 6 x 12 concrete cylinder test. 
A typical stress-strain curve for the steel is shown in figure 5. For some 
pipes, field jOints were approximated by chipping out a ring of concrete. 
The moment-curvature curves were obtained experimentally and compared 
with theoretical results assuming no ovaling using the concrete and steel 
stress-strain curves previously mentioned. A typical result is shown in 
figure 6. The label "strains" indicates curvature computed by strain gage 
readings while the label "deflections" indicates curvature computed by mea-
surement of deflections. It is noted that, in the elastic range where the 
concrete coating has not yet crushed and spalled off, the compressive strength 
of the concrete does increase the'flexural rigidity of the pipe but in the 
plastic range, after crushing has occurred, the strength is that of bare pipe. 





In the elastic range, the stiffness due to concrete coating 
increased from 9 to 25% but in the inelastic range, the increase 
was negligible. 
The effect of crushing of concrete and the effect of field joints 
essentially negated any increase in stiffness due to the concrete 
coating. 
Comparisons were made between theoretical and measured stiffnesses 
for pipes with continuous coating and for pipes with field joints. 
With continuous coating, the stiffnesses were between 85 and 93% 
of computed maximum stiffness while with field joints, the stiff-
nesses were between 15 and 85% of the computed maximum stiffnesses. 
The Ovaling of Pipes in the Plastic Range due to Bending 
A method developed by Ades (2) was used to obtain theoretical moment-
curvature curves for the bending of pipe in the plastic range. The method 
involves the assumption that the circular cross-section of the pipe deforms 
inextentionally into an elliptical cross-section during bending. For a 
given curvature, the value of aIr, the ratio of the semi-major axis of the 
ellipse to the original radius, is varied so as to make the internal strain 
enheirgy afmii nimum. The moment is calculated from the stresses associated with t s con guration. 
The following pipes were tested: 
BARE PIPES: 
Specimen Diameter t Dlt in. in. 
lOa 10.15 0.23 46 lOb 10.15 0.35 31 16a 16 .. 00 0.26 62 20a 20.00 0.26 79 
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COATED PIPES 
Specimen Diam t D/t Coating, t, in. 
in. in. Concrete Somas tic 
12a 12.80 0.26 49 1.45 0.5 
l6b 16.10 0.26 62 1.70 0.5 
Experimentally, the moment was determined as a function of the curvature, 
computed from strain gage readings and from deflections. The ova1ing of the 
cross-section was measured using large micrometers. Theoretically, the 
method proposed by Ades was used to generate moment-curvature and ovalization-
curvature curves to compare with the experimental results. 
A typical set of stress-strain curves are shown in figure 7. These curves 
are fitted by a Ramberg-Osgood (3) curve when used in connection with Ades' 
method. A typical set of measured and computed results for pipe 20a is shown 
in figure 8. It is noted that for this large diameter to thickness ratio, 
buckling occurred very early in the inelastic range and hence the theoretical 
difference in the moment-curvature curves with and without ovaling is of no 
importance. However, it is seen that ovaling significantly reduces the 
moment-carrying capacity in the inelastic range. Until such time as buckling 
occurs, the theoretical curves for moment-curvature and ovalization-curvature 
relationships are excellent. The type of buckle which occurred is shown in 
figure 9. This picture is typical of all buckling failures, particularly for 
pipe with large diameter to thickness ratios. 
The general conclusions drawn from this study were: 
a.) Ades procedure is satisfactory for predicting moment-curvature 
and ovaling-curvature results. 
b.) The moment carrying capacity is not reduced significantly by 
ovaling until large plastic strains are reached. 
c.) Coating had little effect on ovaling characteristics. 
3. The Buckling of Pipes in the Plastic Range due to Bending. 
The inability to predict the curvature at buckling led to further work. 
A theoretical method of predicting the curvature and wave length in the 
plastic range for pure bending was developed and theoretical results were 
compared with previously measured experimental results for full sized pipe. 
This work builds upon a solution .y Gerard (4) for plastic yielding of thin-
walled cylinders in compression using the Ramberg-Osgood representation of 
the stress-strain curve in pure tension. Buckling is based on a critical 
strain on the compressive side of the pipe in bending. Experimental work 
already existed from the ovaling tests just described. A summary of the 
properties of the pipes tested in given below: 
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Specimen Thickness, t, Mean Radius, R, E, 00 •7, 0'0.85' n 
in. in. ksi ksi ksi 
lOa 0.233 5.26 30,000 56.0 55.0 50.0 
lOb 0.350 5.20 29,400 48.1 44.2 11.5 
12a 0.260 6.27 30,000 46.5 46.0 83.0 
16a 0.260 7.87 30,000 49.5 49.0 88.0 
16b 0.260 7.92 29,000 45.0 43.0 20.5 
20a 0.255 9.87 29,000 55.1 54.9 245 
of E where 0'0 is the stress corresponding to a secant modulus equal to 0.7 
and 0'0 857iS the stress corresponding to a secant modulus of 0.85 E. Ramberg 
and Osgood give the following expression for n 
n _ 1 + log 17/7 
log 0 0 • /0'0.85 
Figures 10 and 11 give the computed and measured curvature at buckling 
graphically. The comparison of measured and calculated values at buckling 
is given below: 
Comparison of Measure and Calculate Values at Buckling 
Specimen B n Wave Length, I, Stress, ksi, Curvature, 11ft. 
Meas. Calc. Calc. Meas. Calc. 
lOa 250.47 50 4.0 4.99 57.6 0.0314 0.0119 
lOb 752.23 71 5.1 6.76 49.4 0.0940 0.0144 
l2a 318.10 83 5.5 6.34 47.2 0.0226 0.0075 
16a 178.17 88 6.5 6.91 50.0 0.0117 0.0051 
16b 198.92 20.5 4.5 5.59 49.1 0.0102 0.0086 
20a 82.18 245 5.5 7.94 55.0 0.0044 0.0029 
The theorectica1 wave length at buckling is 
n-1 ~ n-1 l,; 3 1 + 1. nX 
" • 21f 1+1 
(1 + 1" X (~t)~ 7 4 4 . n-4. n-1 (l+~nX ) l+lx 7 
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The theoretical strain at buckling is 
OCR 
= -- = E 
s 
E 
n-l [1+1 x J 
Neglecting ovaling, the theoretical curvature at buckling is 
1 e cR 
-:::::--p R 
Note that the critical stress OcR is obtained from Gerard's work 
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Thus buckling depends on the diameter to thickness ratio and the shape of the 
stress-strain curve. Our results are best for 20a and 16b with Dlt ratios 
of 79 and 62 respectively. 
The conclusions reached in this work are repeated from the paper, "Critical 
Plastic Buckling Parameters for Pipes in Pure Bending", J. C. Wilhoit, Jr., 
J. E. Merwin and J. O. Jirsa (5). 
Based on the results of six tests subjected to pure bending up to buckling 
failure, the formulas developed by Gerard for plastic buckling of thin-wall 
cylinders under uniform compression gave reasonable results. The case of 
buckling under pure bending was approximated by conSidering the extreme fiber 
in the compression zone of pipe under bending to be analogous to a fiber in a 
cylinder uniform compression. The stress-strain curves for the steel were 
represented by a Ramberg-Osgood function. It is important to note that the 
measured stress-strain curves must be carefully matched by the Ramberg-Osgood 
function to obtain accurate results. For some curves, an adjustment in the 
"standard" Ramberg-Osgood curve may be necessary to obtain a good fit. 
l!ore elaborate analyses, which might provide more rigorous analytical 
approximations, are not likely to lead to more useful results from a design 
standpoint. Close correlation cannot be expected in predicting buckling , 
failures even in simplified cases. Application of the Gerard solution using 
a Ramberg-Osgood function to two thin-wall cylinder specimens under uniform 
compression did not provide results in any better agreement than that achieved 
for the specimens subjected to bending. 
In the light of this study. it would appear that the prevention of buckling 
failures in pipes must be accomplished by controlling deformation rather than 
moment. The moment corresponding to predicted curvature at buckling will be 
near the fully plastic moment and will not provide a significant margin of 
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safety if only moments are controlled. From the test results, it would 
appear that limiting curvatures to some percentage of predicted curv~ture 
at buckling will provide a safe and realistic me~ns of p:eventing fa~lur:s. 
Since the most important application where plast~c buckl~ng might occur ~s 
in offshore laying operations and since curvature must certainly be very 
carefullY controlled in laying in deeper water, much more experimental 
work on full-scale pipe should be done. 
4. The Effect of Reversed Bending. 
Two pipes, lOa and lOb, were cycled through several reversals of bending. 
The stress-strain curves were replaced by bi-linear approximations to reduce 
somewhat the complexity of the required computer program. The following 
conclusions were drawn: 
a. The bilinear stress-strain relationship used in Ades' method is 
clearly adequate for the first loading stage for specimens lOa 
and lOb (and probably for any pipe which has a fairly distinct 
yield point) in predicting moment-curvature and ovaling-curvature 
relationships, 
b. The Bauschinger effect would have to be included to represent 
adequately reversed bending but the complications here are almost 
prohibitive. Since laying techniques usually involve only one 
reversal of bending, an empirical reduction of moment-carrying 
capacity based on a tension-compression test of the pipe material 
might be considered for design purposes. 
c. Ova1ing-curvature relationships are not as well predicted as moment-
curvature relationships but are adequately predicted with the sub-
stitution of a bilinear stress-strain relation in Ades' method for 
the first loading stage. Further modification of the computer 
program for reversed bending is not thought justified unless 
modification is also made for the Bauschinger effect. 
d. A rather extensive research program for reversed bending would be 
of interest. 
IV. Other Work 
In addition to some work of a proprietory nature done for Alyeska and for 
the LOOP-SEADOCK Project, other problems treated or under consideration are: 
1.) 
2.) 
An extention of the previous work on plastic buckling in pure bending 
has been made to include the effect of axial tension. In this case, 
the theoretical work was compared to results from model tests. The 
most interesting conclusion was that the curvature at which buckling 
occurs in the plastic range under axial tension decreases with diameter 
to thickness ratio up to a point but increases with axial tension. ~nd~~iconSideration is an investigation of the plastic bending and U~j ngdcharacteristics of large diamter to thickness ratio pipes 
au ecte to internal pressure and thermal stresses. A ro osa1 
for this has been submitted to the National Science Foun~at~on. 
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QUESTIONS AND ANSWERS 
How fast does a buckle wave propagate down a pipe? 
This information cannot be released. However~ it is a function of 
the yield strength of the material and the number of perimeters. 
Furthermore~ when it goes~ it goes like hell. 
Can brackets placed around pipes stop the propagation of a buckle? 
Yes~ if they are of a proper size~ but the exact size is not known. 
Can you comment on the relationship between the pressure required to 
initiate a buckle and the pressure that is necessary to continue its 
propagation? 
A. The pressure necessary to keep a buckle going is always less than that 
to initiate it. It is a function of the diameter to thickness ratio 
of the pipe~ its plastic characteristics, its yield strength and the 
amount of work hardening in it. An exact relationship cannot be given 
because of the many valiables involved. 
Q. Suppose that a moment pressure combination is reached at the bottom of 
a diagonal brace that initiated the buckle, would it continue completely 
along the length of that vertical diagonal and how far? 
A. If a buckle propagates, it will keep going until it reaches a water 
depth less than the propagation pressure. 
Q. To the reader of the British Press, there seems to be a new design for 
off-shore platforms almost every week. Every major civil engineering 
contractor has his own design and it appears that this is a fairly 
established practice. Can any suggestions be made as to why there are 
so many new designs coming out for drilling in the North Sea? 
A. There are several reasons for this. Two of them are: Firstly, as 
platforms become taller and are subject to higher waves such as a 94 foot 
one in the North Sea, conventional platforms become uneconomical and 
unfeasible to construct. Consequently, there are a lot of new concepts 
that have COMe up in the past couple of years. Secondly, it is really 
free enterprise in action. Those that are established in the business 
tend to build platforms repetitively based upon the same concepts. A 
new-comer, however, has to try to find something that maximises his 
ability and to get around the inherent advantage which the established 
firms have. 
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Q. Is there any design consideration in the removal of platforms once 
they are no longer needed? 
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A. There are regulations which require that all sites be cleared when 
they are left. Anyhow, on taking up a lease, there is a promise made 
to clear the site upon ceasing production. 
Q. In pure bending tests on tubes, what is the ratio of actual moments 
to plastic moments that is attained? 
A. Generally, buckling moments are close to plastic moments. However, in 
these studies, it is more important to consider curvatures instead of 
moments. 
Q. It is known that concrete coating has very little effects on the bending 
capacity of pipes. However, is there a possibility that it has an 
effect on the hydrostatic pressure strength of the pipes? 
A. A definite conclusion cannot 
tests have been carried out. 
resistance may be increased. 
be given at this stage because only a few 
Nevertheless~ it does appear that the 
Q. It is noticed that the Ramberg-Osgood function is used in preference to 
the bi-linear stress-strain relationship with a strain-hardening modulus 
in all the analyses. Is there any explanation for this? 
A. The reason is that, in the majority of cases, buckles occur near the 
point of discontinuity where the elastic modulus changes to the plastic 
modulus in the bi-linear relationship. Modelling in this region becomes 
difficult and nonsensical when based upon the bi-linear stress-strain 
distribution. It is also difficult, on the other hand, to use the 
Ramberg-Osgood function in its entire range because of the difficulty 
in accommodating the power series. Within the stress range in which 
buckling occurs, however, modelling is relatively easy and the Ramberg-
Osgood function works very effectively. 
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1974 ANNUAL BUSINESS MEETING 
The Council holds an annual meeting for the purpose of reporting activi-
ties election of members and officers, and presentation of the budget for 
the following year. The 1974 Annual-Meeting was held on March 27 in con-
junction with the Technical Session at the Marriott Motor Hotel, Houston, 
Texas. 
The minutes of the 1974 Annual Meeting are as follows: 
CALL TO ORDER 
The meeting was called to order at 11:25 a.m. by the Chairman of the 
Council, Professor T. V. Galambos. Thirty-two people were present, the 
majority being members of the Council. 
The Chairman introduced himself and welcomed the members and friends. 
He introduced the Vice Chairman, Prof. G. Winter, the Director, Dr. L. S. 
Beedle, and the Secretary, Dr. B. G. Freeman. 
The minutes of the 1973 Annual Meeting (May 3, 1973 at the Los Angeles 
Hilton Hotel, Los Angeles, California) are included in the 1973 Proceedings, 
which have been distributed. 
REPORT OF ACTIVITIES 
The Director gave a few highlights of the technical work of the Council 
over the past year. The extent of the work and the progress of the various 
task groups is illustrated by the presentations made at the Technical Session. 
Task Group 6 has a new chairman, C. Birnstiel, and Task Group 15 has a new 
chairman, T. V. Galambos. 
Further progress is noted in that Task Group 10, Laterally Unsupported 
Restrained Beam-Columns, has completed its work and asked to be discharged. 
Task Group 19, Stiffened Plate Structures was discharged last fall. 
A detailed "Report of Activities" by the Director will be included in 
the 1974 Proceedings. 
eRe GUIDE 
The Director reported that the preparation of the Third Edition of 
eRe's "Guide to Design Criteria for Metal Compression Members", under the 
editorship of Dr. Bruce G. Johnston, is nearly complete, and the Guide 
should be on the market in the latter part of 1975. A detailed progress 
report was presented by Dr. Johnston at the Technical Session. 
FINANCIAL REPORT 
A summary of the financial status of the Council was presented by the 
Director, including the proposed budget for the fiscal year 1974-75. 
BUDGET 1974-75: 
Expected balance, Oct. 1, 1974 $ 5,200 
Income 19,700 
Expenditures 20,600 
Expected balance, Sep. 30, 1975 4,300 




ELECTION OF OFFICERS: The Nominating Committee, chaired by L. K. Irwin, 
had earlier nominated Prof. G. Winter for Chairman and Dr. J. W. Clark for 
Vice Chairman. The Secretary reported the results of a balloting of the 
voting members of the Council (Representatives of Participating Organiza-
tions and Members-at-Large). Both Prof. Winter and Dr. Clark were elected. 
ELECTION OF MEMBERS TO FILL VACANCIES CAUSED BY EXPIRING TERMS; The 
Nominating Committee nominated L. A. Boston (an incumbent), K. B. Buchert 
and J. Springfield for three-year terms on the Executive Committee. The 
motion (B. G. Johnston, J. W. Clark) that the three nominees be elected was 
carried unanimously. 
MEMBER APPOINTED BY CHAIRMAN: The Chairman has appOinted J. A. Gilligan 
to fill the vacancy that will be left by J. W. Clark in October. 
MEMBERS-AT-LARGE 
The following persons have been nominated as Members-at-Large by the 
Executive Committee: 
Mr. E. R. Hardesty, Hardesty & Hanover 
Dr. T. G. Johns, BATTELLE, Columbus Laboratories 
Dr. J. R. Lloyd, ESSO Production Research Center 
Dr. M. L. Morrell, State University of New York at Buffalo 
Dr. G. W. Schulz, University of Innsbruck 
Prof. D. R. Sherman, University of Wisconsin-Milwaukee 
Dr. E. K. Timby, Howard, Needles, Tammen & Bergendoff 
The motion that all nominees be elected as Members-at-Large (T. V. Galambos, 
R. Bjorhovde) was carried unanimously. 
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BY-LAWS 
The Secretary reported that the proposed By-Laws change was approved, 
107 votes in favor and 4 against. The 5th item under PURPOSES (p. 106, 1973 
Proceedings) should be changed to read: 
"To study the application of the results of research 
to the design of compression elements; to develop 
comprehensive and consistent strength and performance 
criteria, and to encourage their consideration by 
specification-writing bodies." 
OTHER BUSINESS 
A motion from the floor (originated by J. A. Yura. R. Bjorhovde. with 
modification by C. K. Wang, J. Springfield) asked that the Executive Committee 
consider revising the format of the annual Technical Session so that technical 
aspects are not so tightly scheduled and so that there is time for fellowship. 
NEXT ANNUAL MEETING 
The Chairman announced that the next Annual Meeting of the Council will 
be held in Toronto in the spring of 1975. [The dates have now been determined. 
The Technical SeSSion will be held on Tuesday and Wednesday, May 6 and 7.] 
ADJOURNMENT 
The Chairman expressed thanks to the members present and to L. A. Boston, 
J. R. Lloyd and B. G. Freeman for making this one of the most successful Tech-
nical Sessions that the CRC has held. 
As the Annual Meeting was adjourned. the Chairman reminded the Executive 
Committee to reconvene for a short session. 
DIRECTOR'S REPORT 
Column Research Council: 1974 
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The occasion of our 1974 annual meeting gives me the opportunity to make 
observations about the activities of last year. In these two days we have 
heard some new terms. Lots of material has been covered. In some cases the 
material has gone to considerable depth on a subject. There have been sug-
gestions that the Column Research Council has completed its work and could 
disband. The Executive Committee is sensitive to this and does occasionally 
discharge a Task Group. Others have intimated that the CRC-rs-only on the 
threshold of important new work. 
In addition to the "Panel Discussion" ~ which this year featured the stability 
problems in certain off-shore facilities, the major feature of these annual 
meetings and technical sessions is the report of the Task Groups. 
At the outset let's identify the major responsibilities of the Task Groups. 
1. Identify research needs. 
2. Act in an advisory capacity to investigators on sponsored programs. 
3. Draft the material for chapters in the next edition of the Guide. 
4. Carry out specific investigations as requested by the Executive 
Committee. 
The following notes intend to emphasize some of the highlights -- at least 
as they appear td the Director. 
Task Group 1: Centrally-Loaded Columns 
There are a large number of unresolved problems (Bill Milek outlined 
these in 1973 at the annual CRC meeting). 
As a result of the earlier discussions~ a workshop is being considered. 
It will feature State-of-Art and hopefully will identify needed research. 
Current work: Cornell University 
TM No. 5 (Basic Column Strength) needs to be revised. 
The major question facing TG-l is to identify and delineate those con-
ditions in which geometrical imperfections, residual stresses, and 
variations in mechanical properties make a difference significant 
enough to be reflected in design practice. 
Task Group 3: Biaxial1y Loaded Columns 
Recommendations are going into the Canadian specifications as a result 
of the prior work of the Task Group. The stimulus is the remarkable 
reserve in strength afforded by the new provisions. 
The Task Group will consider, further, reco..endations to be aade to 
the AISC Specification Advisory Committee: A) as a commentary, 
B) as a specification revision. 
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Future needs are to expand the liChen theory" to I and box shapes. 
New problems are being identified by the Task Group (someone called 
them the "biaxialists"). More tests are needed (as usual). Unsym-
metrical and double-curvature cases are important. 
Task Group 4: Framed Columns and Effective Length 
A set of research needs has been identified by Adams. One of the 
very important ones is diaphragm action in tall building frames. 
The evaluation of when K has to be used, and when not, is an important 
concern on which headway is being made. 
Computer programs are being developed for specific cases. 
Research is being stimulated at several institutions. 
Task Group 6: Test Methods 
Revisions are needed in Technical Memoranda 2 and 3. 
Future responsibilities are technical memoranda on residual stresses 
and on column testing. 
Task Group 7: Tapered Members 
A final report on the earlier work has been completed (WRC Bulletin 192). 
The new work in which the Task Group is now involved concerns lateral 
bracing of the tension flange in tapered members. 
Task Group 8: DynamiCS 
A proposal (University of Arizona) has been endorsed by the Executive 
Committee: "Design Applications of Dynamic Stability Studies". 
Task Group 10: Laterally Unsupported Restrained Beam Columns 
Discharged. 
Task Group 11: European Column Studies 
The statement of purpose of this task group has been changed. It is 
now concerned with establishing interaction between ECCS Committee 8 
Task Groups and the Column Research Council Task Groups. 
Task Group 11 will develop opportunities for such an exchange. 
An international colloquium is tentatively scheduled for·1975. It 
will be along the lines of the 1972 November colloquium in Paris. 
Joint research is a definite pOSSibility between the United States and 
Europe. The appropriate investigators should pay particular attention 
to this and contact Mr. Sfintesco and Mr. Milek, Chairman and Vice-
Chairman of Task Group 11. 
Task Group 12: Mechanical Properties in the Inelastic RanKe 
This task group was almost disbanded, but not quite. The Executive 
Committee agreed that more information is needed. 
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The Executive Committee then received a request for seed money (wouldn't 
you guess!). 
Task Group 13: Thin-Walled Cold-Formed Members 
Two chapters in the Guide have been completed. 
A Design Manual (1974) indicates changes made in cold-formed stainless 
steel practice. 
New developments concern unbraced length, and the depth-thickness 
provisions to provide for two approaches: A) reach M (semi-compact), 
and B) the extension to full redistribution. p 
Task Group 14: Horizontally Curved 'Members 
A report on the "CURT" project is expected. 
Task Group 15: Laterally Unsupported Beams 
The task group is organizing its future activity. 
Australian work on hot-rolled beams, presented at this annual meeting, 
provides additional input. 
The boundary between the plastic design and "semi-compact" provisions 
remains in some doubt, and further work is needed. 
Task Group 16: Plate Girders 
More work is needed on Chapter 7 of the Guide. 
Task Group 17: Shell-like Structures 
New topics have been identified, and three proposals have been submitted 
to the Executive Committee. 
International interactions are important and the task group is developing 
this. 
Shell-like columns, pipes and tubes, .. wide flanges with curved flanges •••• 
One wonders what the nomenclature will be. Will we call them "shell-
flange shapes"? 
Some of the new topics: shell buckling under unsymmetrical loading, 
buckling of shells with unequal spacing of stiffeners, non-uniform 
loads and unsymmetrical loads, effect of deflection and imperfections, 
effect of residual stresses, buckling during erection, effect of 
material property characteristics and variations. 
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Task Group 18: Tubular Members 
Proposed work (Lehigh University) should identify column strength 
category for welded tubes. 
Current work is under way (Sherman at Wisconsin) on "Ovalling". 
There is good agreement with the theory, but there is even better 
"good news". The fully compact case has a larger D/t value than 
expected. 
Concentration of curvature is the problem. Consideration is being 
given to "semi-compact" conditions. 
Task Group 20: Composite Columns 
This task group is the newest in CRC. It is formulating its program. 
Coordination will be carried out with ACI through the "SSLC". 
(There are almost more overseas members than U. S. members.) 
Some of the needs: to permit "axially" loaded columns even when there 
are some eccentric conditions with certain connections; classify and 
regulate the connections; EI evaluation; interaction between steel and 
concrete at high temperature. 
panel Discussion 
The things we remember from the Panel Discussion would include 
the interesting history of the API/CRC involvement. The initial in-
centive of Larry Boston, Bob Meith, and others was a significant factor 
in those developments. 
Many interesting possible subjects of research exist in the design of 
platform details and in pipeline problems. The coil laying, the "Lay 
Barge", "propagating buckles", concrete-coated pipe, and "curvature 
measuring devices" were subjects that, in some cases, were new to 
members of the audience. 
Task Reporter 11: Aluminum Structures 
The immediate concern of John Clark's report was the subject "Webs 
Under Transverse Compression". 
CRC Guide 
The Third Edition will have a dramatic increase in content and scope. 
No one is more aware of this than the task groups and their chairmen 
who have been developing material for Bruce Johnston. 
It is the Guide that truly gives the focus to the work of the Column 
Research Council. 
Happily, the assembled group dispensed with the thought that there 
" k' ( are more competent tas groups' they are all competent). 
Manuscript completion date: August 1974 
Publication date: August 1975 
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Concluding Remarks 
Finally, permit the Director to express a few informal words. 
Welcoming George Winter as the new Chairman (the CRC's 5th) is indeed a 
pleasant occasion. The Third Edition of the Guide is completed, and his 
taking office will begin a form of transition. We think of such things 
as: the structuring of developments for the Fourth Edition of the Guide; 
implementation of the findings in the Guide; the support of new research 
that has been identified while work has been going on for the Third 
Edition. It appears as though a fruitful era is ahead of us and we wish 
George Winter the best. 
This is the 30th Anniversary of the Column Research Council, mentioned 
several times during these sessions. We recognize the "old timers". 
In fact, there are two charter members here at these deliberations: 
Bruce Johnston and Ted Higgins. 
Amongst the "twenty-five year" members would be our new Chairman, George 
Winter and your Director. 
We acknowledge the support of the National Science Foundation. We have 
just received the grant to finish the Third Edition of the CRC Guide. 
This is the third grant that has been approved for this program, and 
we thank the National Science Foundation, Dr. Gaus, and Dr. Babendreier 
We want to acknowledge the efforts ~f Gail Freeman, our Secretary. It's 
a tough job to act as the Secretary of the Column Research Council, and 
all of us know the many details that are necessary to follow to develop 
a fine annual meeting and technical session. The success of this one is 
a tribute to Gail Freeman's work. We thank her. 
In conclusion, and most important, we all thank Ted Galambos for his 
excellent service as Chairman of the Column Research Council. I can 
testify that he has run good Executive Committee meetings, and we have 
all observed his excellent performance at the annual meetings for the 
past four years. 
The four years have been pleasurable ones and most fruitful. The entire 
membership, I'm sure, joins me in expression of grateful appreciation 
to Ted Galambos. 
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R. Bjorhovde 
W. F. Bolton 
1. A. Boston 
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D. Carmichael 
S. C. Carruba 
W. F. Chen 
K. P. Chong 
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J. W. Colburn, Jr. 
J. H. Daniels 
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A. R. Desai 
J. L. Durkee 
B. Edwards 
W. E. Edwards 
S. J. Errera 
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Affliation 
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University of Wisconsin 
Rice University 
Lehigh University 
Foster Wheeler Corporation 
University of Toronto 
Polytechnic Institute of New York 
Conoco 
AISC, New York 
The Texas Pipe Line Company 
J. Ray McDermott & Company 




Stran-Steel Corp., National Steel Corp. 
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Esso Production Research Company 
Lehigh University 
Exxon Company 
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Bethlehem Steel Corporation 
Raymond International, Incorporated 
Bethlehem Steel Corporation 
Bethlehem Steel Corporation 
University of Rhode Island 
University of Wisconsin Parkside 
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Lehigh University 
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University of Houston 
Fluor Ocean Services 
U. S. Steel Corporation 
Bethlehem Steel Corporation 
Bethlehem Steel Corporation 
Stran-Steel Corporation 




M. w. Kellogg Company 
URS/Madigan Praeger 
Exxon Company 
National Bureau of Standards 
Skidm.ore. Owing., t. 'U_._ .-
T. G. Johns 
A. L. Johnson 
D. L. Johnson 
B. G. Johnston 
T. M. Jones 
D. Keilberg 
R. S. Khandeiwal 
K. F. Lambrakos 
H. S. Lew 
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P. A. Lunde 
R. N. Maddox 
P. W. Marshall 
R. B. Matlock 
R. M. Meith 
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R. L. Mion 
W. P. Moore, Jr. 
M. 1- Morrell 
T. M. Murray 
S. Nazar 
R. F. Nickols 
E. G. Paulet 
T. Pekoz 
R. S. Reagan 
L. P. Schraub 
J. R. Sims 
D. K. Smith 
J. Springf ield 
G. Sterling 
N. S. Trahair 
W. P. Vann 
R. D. Volz 
C. K. Wang 




T. H. Yang 
W. W. Yu 
J. A. Yura 
Battelle, Columbus Laboratories 
AISI 
Butler Manufacturing Company 
University of Arizona 
Esso Production Research Company 
Fluor Ocean Services 
M. W. Kellogg Company 
Esso Production Research Company 
National Bureau of Standards 
Esso Production Research Company 
Ocean Resources Engineering 
Esso Production Research Company 
Offshore Division, Shell Oil 
Stran-Steel Corporation 
Chevron Oil Company 
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Hudson Engineering Corporation 
U. S. Steel Corporation 
Walter P. Moore & Associates 
State University of New York at Buffalo 
University of Oklahoma 
Student, Rice University 
Continental Oil Company 
Federal Highway Administration 
Cornell University 
Ronald S. Reagan, Consultant 
The Texas pipe Line Company 
Rice University 
AIME 
Carruthers & Wallace 
Shell Development Company 
University of sydney, Australia 
Texas Tech University 
Student, Rice University 
University of Wisconsin 
Rice University 
Student, Rice University 
Cornell University 
Fluor Ocean Services 
Continental Oil Company 
University of Missouri -- Rolla 
University of Texas at Austin 
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List of Publications 
The following papers and reports have been received at Headquarters 
and have been placed in the CRC Library. 
Adams, P. F. 
THE STABILITY OF ASYMMETRIC STRUCTURES - RESEARCH NEEDS, Task Group 4 
report, Executive Committee Meeting, Philadelphia, Pa., Oct. 1973 
Buchert, K. P. 
RESEARCH NEEDS FOR SHELLS & SHELL-LIKE STRUCTURES, Task Group 17 
report, Executive Committee Meeting, Philadelphia, Pa., Oct. 1973 
Buchert, K. P. 
BUCKLING OF SHELL & SHELL-LIKE STRUCTURES, For Engineers, Architects, 
Fabricators, Buildings and Designers, K. P. Buchert & Associates, 
Columbia, Mo., 1973 
Chen, W. F. and Atsuta, T. 
INELASTIC RESPONSE OF COLUMN SEGMENTS UNDER BIAXIAL LOADS", Journal 
of the Engineering Mechanics Division, Proceedings of the ASCE, 
Vol. 99, No. EM4, Aug 1973 
Chen, W. F. and Atsuta, T. 
STRENGTH OF ECCENTRICALLY LOADED WALLS, Reprinted from Int. J. Solids 
Structures, 1973, Vol. 9, pp. 1288 to 1300, Pergamon Press. 
Column Research Committee of Japan, Ed. 
HANDBOOK OF STRUCTURAL STABILITY, Corona Publishing Co., Ltd., 
Tokyo, 1971 
European Convention for Constructional Steelwork 
COMMISSION 8 - STABILITY PROBLEMS Report of Activities 1973/74 
Tebedge, N. and Chen, W. F. 
DESIGN CRITERIA FOR H-COLUMNS UNDER BIAXIAL LOADING 
Structural Division, Proceedings of the ASCE Vol' 
Mar 1974 ' . 
Journal of the 
100, No. ST3, 
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CRC Chronology 
3-4 Oct 73 
22-24 Oct 73 
19 Dec 73 
1 Jan 74 
21 Jan 74 
26-27 Mar 74 
22-26 Apr 74 
14 Jun 74 
1 Aug 74 
1 Oct 74 
1 Oct 74 
Executive Committee Meeting in Philadelphia 
CRC Co-sponsored Second Specialty Conference on Cold-Formed 
Steel Structures, Rolla 
The Institution of Engineers, Australia joined CRC as a 
Participating Organization 
Chairman's Meeting at the Cornell Club, New York City 
CRC sponsored session on Dynamic Stability at the ASCE 
Water Resources Engineering Meeting, Los Angeles 
Executive Committee Meeting, Technical Session and Annual 
Meeting, Houston, Texas 
Co-operating Council and CRC participation at ASCE 
National Structural Meeting, Cincinnati 
Chairman's Meeting at Lehigh University, Bethlehem 
CRC Secretaryship transferred from B. G. Freeman to 
F. Cheong-Siat-Moy 
Newly elected CRC Chairman - George Winter - took office 
Newly elected CRC Vice Chairman - John W. Clark - took office 
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Finance 
























Supply, phone, mailing 
Travel 
Total Tech. Services 
Research 




Contract on Revision 
Travel and Expense 
CRC Secretary 
Purchase(for dist. & sale) 
Total Guide 
Annual Meeting & Proceedings 
Expenses and Services 
Travel & Conf. Hotel Bill 
Total Annual Meeting 
Purchase of Technical Papers 




BALANCE at End of Period 
Fiscal Year 




































































$ 9,341.88 (i) 
Fiscal Year 




































(a) Depositories (as of 9/30/73) 
General Account (UETI) 
Technical Services (Lehigh Univ.) 
Net Unexpended Bal. on NSF Contracts 








(b) Includes $2,500.00 general contribution and $1,500.00 as support for 
CRC Guide revision. 
(c) Based on planned $6,000.00 proposal for 1974 conference and 70% of 
$11,900.00 proposal for Guide (prorated for fiscal year 1973 - 1974). 
The first proposal was subsequently submitted for $5,900.00, but was 
refused. The second proposal was submitted in the amount of $6,895.00 
and approved for $6,900.00 for the 18 month period April 1, 1974 to 
Sept. 30, 1975 with a 6 month extension for the use of funds to 
March 31, 1976 (NSF Grant GK-42374). 
(d) This represents a one-third proration of $6,900.00 from NSF Grant 
GK-42374 for the first 6 months of the 18 month contract. See Note (c). 
(e) The amount, $9,400.00, comprises $3,400.00 prorated from the Guide 
proposal and $6,000.00 proposed application to NSF for 1975 Technical 
Session. 
(f) Includes $171.86 royalties for 1973-74 fiscal year and a $2,000.00 
advance on future royalties. 
(g) Budgeted for in 1972-73 fiscal year, but paid for in 1973-74. 
(h) First monthly payment to B. G. Johnston was made for January 1974 
($175.00/month). 
(i) Depositories (as of 9/30/74) 
General Account (UETI) 












G. Winter (77) 
J. W. Clark (77) 
L. S. Beedle (Director) 
C. Birnstiel (76) 
L. A. Boston (77) 
K. P. Buchert (77) 
J. L. Durkee * 
G. F. Fox (75) 
T. V. Galambos ** 




T. R. Higgins (Technical Consultant) 
J.S.B. Iffland (76) 
B. G. Johnston (75) 
W. A. Milek. Jr. (76) 
J. Springfield (77) 
* Past Vice Chairman 
** Past Chairman 
STANDING & AD HOC COMMITTEES 
G. Winter 
J. W. Clark 
F. Cheong-Siat-Moy 
A. Committee on the Guide to Design Criteria for Metal Compression 
Members 
E. H. Gaylord, Chmn. S. J. Errera A. L. Johnson 
W. J. Austin G. F. Fox B. G. Johnston 
L. S. Beedle T. V. Galambos R. G. Kline 
C. Birnstiel J. A. Gilligan F. D. Sears 
K. P. Buchert G. Haaijer D. Sfintesco 
J. W. Clark T. R. Higgins D. R. Sherman 
A. P. Cole J.S.B. If fl and J. Springfield 
D. A. DaDeppo S. H. Iyengar G. Winter 
J. L. Durkee 
B. Committee on Finance 
L. S. Beedle, Chairman 
G. Winter 
F. Cheong-Siat-Moy 
C. Ad Hoc Committee on Research 
1'. V. Galambos 
Members of Executive Committee 
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TASK GROUPS 
Task Group 1 - Centrally Loaded Columns 
J. A. Gilligan, Chairman* J. L. Durkee A. F. Kirstein 
L. S. Beedle M. P. Gaus W. A. Milek, Jr. 
R. Bjorhovde, v. Chairman R. R. Graham E. G. Paulet 
w. F. Chen D. H. Hall T. Pekoz 
J. w. Clark A. L. Johnson L. D. Sandvig 
L. Tall 
Task Group 1 is concerned with the strength of centrally loaded 
columns as influenced by geometrical properties of the column cross 
section, mechanical properties of the material in the column and 
variables associated with the manufacture and fabrication of columns. 
Task Group 3 - Ultimate Strength of Column With Biaxially Eccentric Load 
J. Springfield, Chairman* E. H. Gaylord S. u. Pillai 
M. J. Abrahams L. w. Lu z. Razzaq 
T. M. Baseheart P. w. Marshall B. C. Ringo 
W. F. Chen J. F. McDonough S. Vinnakota 
This task group is concerned with investigating the behavior of 
columns subjected to biaxial bending, with a view of developing rational 
design procedures based on the ultimate strength of such members. 
Task Group 4 - Frame Stability and Effective Column Length 
J. S. B. Iffland, Chairman* E. H. Gaylord L. w. Lu 
P. F. Adams o. Halasz w. A. Milek, 
C. Birnstiel T. R. Higgins C. K. Wang 
J. H. Daniels I. M. Hooper J. A. Yura 
W. E. Edwards B. G. Johnston 
The purpose of this task group is to investigate the stability of 
building frames, including effective column length aspects. It will 
work in close contact with Task Group 15. 
Task Group 6 - Test Methods for Compression Members 
Jr. 
C. Birnstiel, Chairman* E. W. Gradt B. G. Johnston 
L. S. Beedle R. A. Hechtman B. M. McNamee 
J. w. Clark T. R. Higgins L. Tall 
This task group is concerned with the development of technical memo-
randa on experimental methods and techniques of testing structural members 
subject to buckling, including the analysis of the data of the test. It 
is also the purpose of the group to organize and conduct technical sessions 
and' symposia on test methods to facilitate exchange of information on new 
testing procedures. 
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Task GrouE 7 - TaEered Members (Joint Task Group with WRC) 
Amirikian, Chairman R. L. Ketter W. A. Mi1ek, Jr. A. 
J. H. Adams K. H. Koopman A. A. Toprac 
D. J. Butler C. F. Larson 1. M. Viest 
T. R. Higgins * G. C. Lee M. 
Yachnics 
D. L. Johnson L. W. Lu 
This task group, a joint task group with Welding Research Council, 
is concerned with research leading to the development of design pro-
cedures for tapered structural members and frames made of such members. 
Task Group 8 - Dynamic Instability 
D. A. DaDeppo. Chairman 
B. G. Johnston* 
D. Krajcinovic J. C. Simonis 
I. K. McIvor 
The goal of the work of this task group is to make design recom-
mendations regarding the load carrying capacity of columns and other 
compression members subjected to dynamic loading. To this end, the 
available information in field will be correlated and the areas in 
which further research effort is required will be identified. 
Task Group 11 - EuroEean Column Studies 
D. Sfintesco, Chairman T. V. Galambos P. Marek 
W. A. Milek, Jr.,V. Chairman* M. P. Gaus E. O. Pfrang 
G. A. Alpsten B. Kato G. W. Schulz 
L. S. Beedle M. G. Lay J. Strating 
A. Carpena R~ K. McFalls L. Tall 
C. A. Cornell B. M. McNamee 1. M. Viest 
The purpose of this task group is to encourage and facilitate mutual 
information, coordination and eventual cooperation between American and 
European research bodies and workers in the field of stability problems. 
In particular, it will provide liaison with Committee 8 of ECCS and 
establish cross-connections between Task Groups dealing with the same 
themes. It will eventually suggest and encourage joint research projects 
and will have to act as organizer of the next International Colloquium 
on Stability. 
Task GrouE 12 - Mechanical Properties of Steel in Inelastic Range 
A. L. Johnson, Chairman 
G. A. Alpsten 
G. F. Fox* 
B. G. Johnston 
L. W. Lu 
M.· Shino:z:uka 
W. J. Wilkes 
The purpose of the task group is to obtain data on the mechanical 
properties of steel in the inelastic range of particular importance to 
• Executive Committee Contact Kember 
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stability solutions. Among other things this would include determination 
of the average value and variation of the .following: yield stress level, 
strain hardening modulus, magnitude of strain at initial strain hardening 
and, for materials without a well defined yield point, yield strength, ' 
tangent modulus and secant modulus. 
Task Group 13 - Thin-Walled Metal Construction 
S. J. Errera, Chairman A. L. Johnson W. P. Vann 
J. W. Clark A. Ostapenko G. Winter* 
J. A. Gilligan T. Pekoz W. W. Yu 
The purpose of this task group is to digest the literature on 
thin-walled metal construction, as it relates to stability, and to 
draft a chapter for the third edition of the CRC Guide. Materials 
of interest include carbon steels, alloy steels, stainless steels 
and aluminum alloys. The effects of various manufacturing and fab-
rication processes shall be considered. 
Task Group 14 - Horizontally Curved Girders 
A. P. Cole, Chairman J. L. Durkee* M. Ojalvo 
R. Behling E. R. Latham S. Shore 
H. R. Brannon P. Marek W. M. Thatcher 
C. G. Culver W. A. Milek, Jr. 
The purpose of this task group is to explore the stability problems 
which occur in horizontally curved girders, both during erection and in 
the completed structure. the effects of rolling and fabrication practice 
on these problems, and criteria for adequate bracing. 
Task Group 15 - Laterally Unsupported Beams 
T. V. Galambos, Chairman* A. J. Hartmann J. A. Yura 
The purpose of this task group is to study the stability of 
laterally unsupported beams and the bracing requirements for such 
beams in both the elastic and inelastic ranges with emphasis on beams 
in framed structures. The research should lead to a design procedure 
for such members. 
Task Group 16 - Plate and Box Girders 
F. D. Sears, Chairman R. S. Fountain C. 
Massonnet 
K. Basler K. L. Heilman 
A. Ostapenko 
P. B. Cooper B. G. Johnston 
B. T. Yen 
J. L. Durkee* H. S. Lew 
R. C. Young 
This task group is concerned with the stability and strength of 
plate girders. A considerable amount of work on the behavior and load 
* Executive committee Contact Member 
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carrying capacity of plate girders is underway in this and other 
countries. The purposes of the task group are to facilitate exchange 
of information among these investigators, to encourage preparation of 
reports relevant to design specifications, and to assist in revising 
the chapter on plate girders in the CRC Guide. 
Task Group 17 - Stability of Shell-Like Structures 
K. P. Buchert, Chairman J. W. Clark* C. D. Miller 
J. H. Adams A. L. Johnson E. P. Popov 
L. O. Bass A. Kalnins C. F. Scheffey 
J. Bruegging D. Krajcinovic D. R. Sherman 
A. Chajes C. Libov J. C. Simonis 
D. T. Wright 
This task group is concerned with stability of civil engineering 
shell-like structures, that is, structures that resist loads in a 
manner similar to that of a thin shell. The purposes of the task 
group are to facilitate exchange of information among investigators 
in this field, to encourage preparation of reports relevant to design 
of shell-like structures, and to assist in preparing material on this 
subject for the CRC Guide. 
Task Group 18 - Tubular Members 
D. R. Sherman, Chairman G. S. Fan P. W. Marshall 
M. D. Bernstein R. R. Graham R. M. Meith 
L. A. Boston* T. G. Johns C. D. Miller 
A. Chajes J. R. Lloyd R. L. Rolf 
N. W. Edwards J. N. Macadam 
The purpose of this task group is to prepare a chapter for the 
Guide. This chapter will summarize design information on cylindrical 
tubes and shells. The task group will also study other aspects of the 
stability of tubular members of various cross-sectional shapes. 
Task Group 20 - Composite Members 
S. H. Iyengar, Chairman 
L. S. Beedle* 
P. Dowling 
R. W. Furlong 
B. Kato 





The purpose of this task group is to study design methods, vis-a-vis 
research results, examine existing codes, and survey industry to determine 
the relative importance of various types of composite columns. 
Executive Committee Contact Member 
TASK REPORTERS 
Task Reporter 11 - Stability of Aluminum Structural Members 
J. W. Clark, Aluminum Com.pany of America 
Task Reporter 13 - Local Inelastic Buckling 
L. W. Lu, Lehigh University 
Task Reporter 14 - Fire Effects on Structural Stability 
L. S. Seigel, U. S. Steel Corporation 
Task Reporter 15 - Curved Compression Members 
W. J. Austin, Rice University 
Task Reporter 16 - Stiffened Plate Structures 
R. G. Kline - David J. Seymour, Naval Architect - Marine Consultant 
Task Reporter 17 - Laterally Unsupported Restrained Beam-Columns 
L. W. Lu, Lehigh University 
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PAR TIC I PAT I N G o R G A N I Z A T ION S 
Organization 
Aluminum Association 
American Association of 
State Highway Officials 
American Institute of 
Architects 
American Institute of 
Steel Construction 
American Iron and 
Steel Institute 
American Petroleum Institute 
American Society of 
Civil Engineers 
American Society of 
Mechanical Engineers 
American Water Works 
Association 
Association of American 
Railroads 
Federal Highway Administration 
Canadian Institute of 
Steel Construction 








J. W. Clark 
C. M. Tyler, Jr. 
H. W. Derthick 
T. R. Higgins 
J. L. Durkee 
W. G. Kirkland 
A. L. Johnson 
L. A. Boston 
J. E. Ubben 
S. C. Hollister 
B. G. Johnston 
T. C. Kavanagh 
M. D. Bernstein 
J. C. Simonis 
E. F. Johnson 
L. S. Beedle 
W. J. Wilkes 
C. F. Scheffey 
H. A. Krentz 
W. A. Heitmann 
H. J. Degenkolb 
R. D. Hanson 
T. R. Higgins 
J. S. Ellis 
R. F. Hooley 
D. T. Wright 
Officers 
Paul V. Mara, 
Vice Pres - Technical 
H. E. Stafseth 
Executive Director 
J. R. Dowling, 
Dir., Codes & Reg. Ctr. 
W. A. Milek, Jr., 
Dir. of Engr. & Res. 
R. Thomas Willson 
Sr. Vice President 
J. H. Sybert 
Eugene Zwoyer, 
Executive Director 
Rogers B. Finch, 
Executive Dir. & Secy. 
E. F. Johnson, 
Executive Secretary 
E. W. Hodgkins, 
Executive Secretary 
N. R. Tiemann 
Administrator 
R. G. Johnson, 
Director, Eng. & Res. 
LTG F. J. Clarke, 
Chief 
H. J. Degenkolb 
President 
J. A. Zecca, 
Secretary 
B. T. Kerr, 
General Manager 
Organization 




Institution of Engineers, 
Australia 
International Conference 
of Building Officials 
International Nickel 
Company, Inc. 
Langley Research Center 
National Aeronautics & 
Space Administration 
Metal Building Manufacturers 
Association 
National Bureau of 
Standards 
National Research Council 
Naval Facilities Engineering 
Command, U.S. Navy 
Naval Ship Research and 
Development Center 
Society for Experimental 
Stress Analysis 
Steel Joist Institute 
Structural Engineers 
Association of Northern 
California 
Structural Engineers 
Association of Southern 
California 
Welding Research Council 




J. E. Bihr 
M. Stein 
D. L. Johnson 
F. A. Petersen 
L. K. Irwin 
A. F. Kirstein 
H. -S. Lew 
R. C. Edgerton 
J. R. Smith 
W. A. Shaw 
J. A. Corrado 
C. S. Barton 
N. J. Hoff 
N. W. Newmark 
J. D. Johnson 
G. V. Jacobs 
La A. Napper 
H. P. Weldon 
G. D. Lehmer 
J. O. Robb 
R. L. Ketter 
L. Grover 
W. A. Milek 
J. F. Parmer 
Officers 101 
D. Sfintesco, 
Tech. Sec. General 
E. B. Evers, 
Admin. Sec. General 
A. F. Sampson, 
Administrator 
R. D. Henderson 
Committee Secretary 
J. E. Bihr, 
Managing Director 
W. S. Mounce 
Mgr. Commercial Develop. 
E. M. Cortright, 
Director 




J. S. Coleman, 
Executive Officer 
RADM A. R. Marschall 
Commander 
Capt. R. W. King, 
Commander 
B. E. Rossi, 
Managing Director 
J. D. Johnson 
Tech. Director 




K. H. Koopman, 
Director 
F. R. Bruce, 
Executive Secretary 
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REP RES E N TAT I V E S 0 F 
PAR TIC I PAT I N G 0 R G A N I Z A T ION S 
Representative Organization 
C. S. Barton 
L. S. Beedle 
M. D. Bernstein 
J. E. Bihr 
L. A. Boston 
J. W. Clark 
J. A. Corrado 
A. Dailey 
J. Degenkolb 
H. W. Derthick 
J. L. Durkee 
R. C. Edgerton 
J. S. Ellis 
L. Grover 
R. D. Hanson 
W. A. Heitmann 
T. R. Higgins 
N. J. Hoff 
S. C. Hollister 
R. F. Hooley 
L. K. Irwin 
F. V. Jacobs 
A. L. Johnson 
D. L. Johnson 
E. F. Johnson 
J. D. Johnson 
B. G. Johnston 
T. C. Kavanagh 
R. L. Ketter 
W. G. Kirkland 
A. F. Kirstein 
H. A. Krentz 
G. D. Lehmer 
H. S. Lew 
W. A. Milek 
Society for Experimental Stress Analysis 
Association of American Railroads 
American Society of Mechanical Engineers 
International Conference of Building Officials 
American Petroleum Institute 
. Aluminum Association 
Naval Ship Research and Development Center 
General Services Administration 
Earthquake Engineering Research Institute 
American Association of State Highway Officials 
American Institute of Steel Construction 
National Research Council 
Engineering Institute of Canada 
Welding Research Council 
Earthquake Engineering Research Institute 
Corps of Engineers, U. S. Army 
Am. Inst. of Steel Construc./Earthquake Eng. Res. Inst. 
Society for Experimental Stress Analysis 
American Society of Civil Engineers 
Engineering Institute of Canada 
National Bureau of Standards 
Structural Engineers Association of Northern California 
American Iron and Steel Institute 
Metal Building Manufacturers Association 
American Water Works Association 
Steel Joist Institute 
American Society of ,Civil Engineers 
American Society of Civil Engineers 
Welding Research Council 
American Iron and Steel Institute 
National Bureau of Standards 
Canadian Institute of Steel Construction 
Structural Engineers Association of Southern California 
National Bureau of Standards 
Welding Research Council 
Representative 
L. A. Napper 
N. M. Newmark 
J. F. Parmer 
F. A. Petersen 
J. O. Robb 
C. F. Scheffey 
W. A. Shaw 
J. C. Simonis 
J. R. Smith 
M. Stein 
C. M. Tyler, Jr. 
J. E. Ubben 
H. P. Weldon 
W. J. Wilkes 
D. T. Wright 
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Organization 
Structural Engineers Association of Northern California 
Society for Experimental Stress Analysis 
Western Society of Engineers 
Metal Building Manufacturers Association 
Structural Engineers Association of Southern California 
Federal Highway Administration 
Naval Facilities Engineering Command, U. S. Navy 
American Society of Mechanical Engineers 
National Research Council 
Langley Research Center, National Aeronautics and Space 
Administration 
Aluminum Association 
American Petroleum Institute 
Structural Engineers Association of Northern California 
Federal Highway Administration 
Engineering Institute of Canada 
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MEMBERS-AT-LARGE 
P. F. Adams G. Haaijer B. C. Ringo 
R. J. Alvarez R. L. Haenel L. E. Robertson 
S. O. Asplund D. H. Hall J. P. Rutigliano 
S. P. As row E. R. Hardesty 
W. J. Austin A. J. Hartmann C. G. Schilling 
B. J. Hartz W. C. Schnobrich 
R. M. Barnoff R. A. Hechtman G. W. Schulz 
R. H. Batterman G. Herrmann F. D. Sears 
C. Birnstiel M. Holt E. E. Sechler 
R. Bjorhovde I. M. Hooper D. Sfintesco 
H. H. Bleich T. Huang D. R. Sherman 
J. G. Bouwkamp S. Shore 
K. P. Buchert J.S.B. Iffland J. Spdngf ield 
S. H. Iyengar K. H. Stephenson A. Chajes 
W. F. Chen T. G. Johns L. Tall J. W. Clark S. S. Thomaides P. B. Cooper F. R. Khan E. K. Timby C. G. Culver R. G. Kline A. A. Toprac C. E. Cutts A. C. Kuentz N. S. Trahair 
D. A. DaDeppo W. J. LeMessurier F. Van Der Woude J. H. Daniels G. C. Lee W. P. Vann G. C. Driscoll, Jr. F. J. Lin I. M. Viest J. L. Durkee J. R. Lloyd 
L. W. Lu C. K. Wang N. W. Edwards G. Winter W. E. Edwards P. Marek E. W. Wright A. L. Elliott C. Marsh R. N. Wright E. L. Erickson P. W. Marshall 
S. J. Errera E. F. Masur B. T. Yen 
G. F. MCDonough, Jr. W. W. Yu G. S. Fan J. F. McDonough J. A. Yura G. P. Fisher I. K. McIvor G. F. Fox B. M. McNamee R. W. Furlong J. Michalos 
M. L. Morrell 
T. V. Galambos T. M. Murray M. P. Gaus 
C. N. Gaylord M. Ojalvo E. H. Gaylord A. Ostapenko J. M. Gere 
J. A. Gilligan F. J. Palmer S. C. Gael E. G. Paulet J. E. Goldberg T. Pekoz E. W. Gradt S. U. Pillai R. R. Graham C. W. Pinkham 
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COR RES P 0 N D ! N G M E M B E R S 
G. Augusti Italy 
V. A. Baldin USSR 
F. S. Braga Brazil 
R. M. Clark South Africa 
G. DeSaint Malo Panama 
G. B. Godfrey England 
M. S. Gregory Tasmania 
O. Halasz Hungary 
T. Hayashi Japan 
J. Heyman England 
J. A. P. Laurie South Africa 
M. G. Lay Australia 
M. A. Leclair Nicaragua 
C. Massonnet Belgium 
G. Nassar Egypt 
H. Nylander sweden 
A. Selberg Norway 
D. Sfintesco France 










Secretary, New Zealand Institute of Engineers 
New Zealand 
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C R C ADD RES S E S 
The 6oUowin.g iYLc1.ude6 ali who a.ppeaJl art the ftMteJrA irtc.oftpoJta..ted 
in thUle Pftoc.eedirtg.6, pM iYLdividua.L6 who Me art the CRC mcUUrtg wt 60ft 
v ruo u..6 0 :theft ft eM 0 YL.6 • 
ABRAHAMS? M. J., Parsons, Brinkerhoff, Quade & Douglas, 250 W. 34th Street, 
New York, New York 10001 
ADAMS, J. H., Pittsburgh - Des Moines Steel Company, Neville Island, 
Pittsburgh, Pennsylvania 15225 
ADAMS, Dr. P. F., University of Albe~ta, Edmonton, T6G 2G7, Canada 
AL-ABDULLA, Prof. J. K., Mathematics Research Center, University of Wisconsin, 
Madison, Wisconsin 53706 
ALPSTEN, Dr. G. A., Industrikontroll AB, Tralgaton 16, S-133 00 Saltsjobaden 
Sweden 
ALVAREZ, Prof. R. J., Engineering & Computer Sciences, Hofstra University, 
Hempstead, New York 11550 
AMIRIKIAN, Dr. A., American Engineering Co., 1401 Wilson Boulevard, 
Arlington, Virginia 22239 
ASPLUND, Prof. S. C., Berggrensgatan 14, 412 73 Gothenburg, Sweden 
ASROW, S. P., Chairman, Structural Engineering, C. F. Murphy Assoc., 
224 S. Michigan, Chicago, Illinois 60604 
AUGUSTI, Prof. G., Faco1ta Di Ingegneria, Via Di S Marta, 3, I 50139 Firenze, 
Italy 
AUSTIN, Prof. W. J., Department of Civil Engineering, Rice University, 
P. O. Box 1892, Houston, Texas 77001 
BAKER, Prof. J. F., Department of Civil Engineering, Cambridge University, 
Cambridge, England, Great Britain 
BALDIN, Prof. V. A., Metal Construction Department, Gosstroy USSR, CN11SK, 
12 Marx Avenue, Moscow K-9, U. S. S. R. 
107 
BARNOFF, Prof. R. M., Department of Civil Engineering, Penn State University, 
212 Sackett Building, University Park, Pennsylvania 16802 
BARTON, Dr. C. S., Department of Civil Engineering Science, Brigham Young 
University, Provo, Utah 84601 
BASEHEART, T. M., College of Engineering (ML 71), University of Cincinnati, 
Cincinnati, Ohio 45221 
BASLER, Dr. K., Basler & Hoffman, Forchstrasse 395, 8029 Zurich, Switzerland 
BASS, Dr. L. 0., School of Architecture, Oklahoma State University, Stillwater, 
Oklahoma 74074 
BATTERMAN, R. H., Aluminum Company of America, Alcoa Technical Center, 
Alcoa Center, Pennsylvania 15069 
BEEDLE, Dr. L. S., Fritz Engineering Laboratory, Lehigh University, Bethlehem, 
Pennsylvania 18015 
BEHLING, R., State Highway Department, Salt Lake City, Utah 88411 
BERNSTEIN, M. D., Foster Wheeler Corporation, 110 South Orange Avenue, 
Livingstone, New Jersey 07039 
BIHR, J. E., International Conference of Building Officials, 5360 Workman Mill 
Road, Whittier, California 90601 
BIRKEMOE, Prof. P. C., Department of Civil Engineering, Galbraith Building, 
University of Toronto, Toronto, Ontario M5S1A4, Canada 
BIRNSTIEL, Dr. C., Consulting Engineer, 230 Park Avenue, New York, 
New York 10017 
BJORHOVDE, Dr. R., American Institute of Steel Construction CAISC), 1221 Avenue 
of the Americas, New York, New York 10020 
BLEICH, Prof. H. H., Department of Civil Engineering & Engineering Mechanics, 
Columbia University, New York, New York 10027 
BLETZACKER, Prof. R. W., Building Research Lab, 417 Hitchkick Hall, 
Ohio State University, 2070 Neil Avenue, Columbus, Ohio 43210 
BODHE, J. G., Institution of Engineers, 8, Gokhale Road, Calcutta 20, India 
BOSTON, L. A., J. Ray McDermott & Company Inc., Box 60035, New Orleans, 
Louisiana 70160 
108 
BOUWKAMP, Prof. J. G., Department of Civil Engineering, University of California, 
Berkeley, California 94720 
BRAGA, F. S., Nacional De Estradas De Rodegem, Rio de Janeiro, D. F. Brazil 
BRANNON, H. R., Esso Production Research Company, P. O. Box 2189, Houston, 
Texas 77001 
BRUCE, F. R., Western Society of Engineers, 314 South Federal Street, 
Chicago, Illinois 60604 
BRUEGGlNG, J., Butler Manufacturing Company, Research Center, 135th & Botts Road, 
Grandview, Missouri 64030 
BUCHERT, Dr. K. P., Bechtel Power CorpoTat~on, P. O. Box 607, +5740 Shady 
GrQve Road, Ga:i.thersbll.);'g, .Haryland 20760 
BUTLER, Prof. D. J., Department of Civil Engineering, Rutgers University, 
New Brunswick, New Jersey 08903 
CARLSON, R. F., American Petroleum Institute, 300 Corrigan Tower Building, 
Dallas, Texas 75201 
CARPENA, Dr. lng. A., Societa Anonima E1ettrific, Via Gustavo Fara 26, 
Milano, Italy 
CARPENTER, Dr. L. D., 1213 Noyes Street, Evanston, Illinois 60201 
CHAJES, Prof. A., Department of Civil Engineering, University of Massachusetts, 
Amherst, Massachusetts 01002 
CHEN, Prof. W. F., Fritz Engineering Laboratory, Lehigh University, Bethlehem, 
Pennsylvania 18015 
CHENG, Dr. F. Y., Department of Civil Engineering, University of Missouri, 
Rolla, Missouri 
CHINN, Prof. J., Civil Engineering Department, University of Colorado, 
Boulder, Colorado 80302 
CHONG, Dr. K. P., Stran-Stee1 Corporation, P. O. Box 14205, Houston, 
Texas 77021 
CLARK, Dr. J. W., Alcoa Technical Center, Engineering Design Division, 
Alcoa Center, Pennsylvania 15069 
CLARK, R. M., South African Institute of Steel Construction, p. O. Box 1338, 
Johannesburg, South Africa 
CLARKE, Lt. Gen. F. J., Chief of Engineers, Department of Army, WaShington, 
D. C. 20314 
COLE, A. P., New York State Department of Transportation, 1220 Washington 
Avenue, Albany, New York 12226 
COLEMAN, J. S., National Academy of Sciences, 2101 Constitution Avenue, ' 
N. W., Washington, D. C. 20418 
COLLIN, A. L., Kaiser Steel Corporation, Room 1476, 300 Lakeside Drive, 
Oakland, California 94612 
COOPER, Prof. P. B., Department of Civil Engineering, Seaton Hall, 
Kansas State University, Manhattan, Kansas 66506 
109 
CORNELL, Prof. C. A., Department of Civil Engineering, Massachusetts Institute 
of Technology, Room 1-263, Cambridge, Massachusetts 02139 
CORRADO, J. A., Department of the Navy, Naval Ship Research and Development 
Center, Washington, D. C. 20034 
CORTWRIGHT, E. M., Langley Research Center, N. A. S. A., Hampton, Virginia 23365 
CROOKER, Jr., J. 0., Butler Manufacturing Company, P. O. Box 917, Kansas City, 
Missouri 64141 
CULVER, Prof. C. G., Office of Federal Building, Technical Building 226, 
Room B244, National Bureau of Standards, Washington, D. C. 20234 
CUTTS, Prof. C. E., Department of Civil Engineering, Michigan State University, 
East Lansing, Michigan 48823 
DA DEPPO, Prof. D. A., Department of Civil Engineering, University of Arizona, 
Tucson, Arizona 85721 
DAILEY, A., Room 3042, Public B4dg. Servi~e, General ServiceD Admin!stration, 
18th & F Streets, N. W., Washington, D.C. 20405 
DANIELS, Dr. J. H., Fritz Engineering Laboratory, Lehigh University, 
Bethlehem, Pennsylvania 18015 
DAVIS, C. S., 48811 Denton Road, Belleville, Michigan 48111 
DE SAINT MALO, G., Address Unknown 
DEGENKOLB, H. J., H. J. Degenkolb & Associates, 350 Sansome Street, San Francisco, 
California 94104 
DEMBIE, T., 6 Plumstead Court, Islington, OntariO, Canada 
DERTHICK, H. W., Tennessee Department of Highways, 1010 Highway Building, 
Nashville, Tennessee 37219 
DOWLING, J. R., The American Institute of Architects, 1735 New York Avenue, 
N. W., Washington, D. C. 20006 
110 
DOWLING, Prof. P., Department of Civil Engineering, Imperial College of Science 
& Technology, London, SW7, England 
DRISCOLL, Jr. Prof. G. C., Room 503, Fritz Engineering Laboratory, Lehigh University, 
Bethlehem, Pennsylvania 18015 
DUBOUCHET, Prof. A. V., Department of Civil Engineering, Rutgers University, 
New Brunswick, New Jersey 08903 
DURKEE, J. L., Bethlehem Steel Corporation, Fabricated Steel Construction, 
Bethlehem, Pennsylvania 18016 
EDGERTON, R. C., National Research Council, 2101 Constitution Avenue, N. W., 
Washington, D. C. 20418 
EDWARDS, N. W., NUTECH, Inc., 1261 Lincoln Avenue, San Jose, 
California 95125 
EDWARDS, W. E., Room 1034 East Building, Bethlehem Steel Corporation, 
Bethlehem, Pennsylvania 18016 
EL-GAALY, Dr. M. A., Department of Civil Engineering & Structural Engineering, 
University College, P. O. Box 78, Cardiff CFl, lXL, Wales 
ELLIOTT, A. L., 3010 Tenth Avenue, Sacramento, California 95817 
ELLIS, Dr. J. 5., Department of Civil Engineering, Royal Military College of 
Canada, Kingston, Ontario, Canada 
ERICKSON, E. L., 501 Dumbarton Street, Shreveport, Louisiana 71106 
ERRERA, Dr. S. J., Room 1468 Martin Tower, Bethlehem Steel Corporation, 
Bethlehem, Pennsylvania 18018 
EVERS, E. B., E C C S, Weena 700, Rotterdam, The Netherlands 
FAN, G. S., Engineering Department, Bethlehem Steel Corporation, Martin Tower, 
Bethlehem, Pennsylvania 18018 
FANG, P. J., Department of Civil & Environmental Engineering, University of 
Rhode Island, Kingston, Rhode Island 02881 
FARWELL, Jr., C. R., McDonnell-Douglas Aircraft Corporation, St. Louis Municipal 
Airport, Box 516, St. Louis, Missouri 63166 
FELDT, Prof. W. T., Division of Engineering Science, University of Wisconsin-
Parkside, Kenosha, Wisconsin 53140 
FINCH, R. B., American Society of Mechanical Engineers, 345 East 47th Street, 
New York, New York 10017 
III 
FISHER, Dr. G. P., Center for Urban Development Research, Cornell University 
Ithaca, New York 14850 ' 
FOUNTAIN, R. S., Highway Construction Marketing, United States Steel Corporation, 
Pittsburgh, Pennsylvania 15222 
FOWLER, Prof. D. W., Department of Architectural Engineering, University of 
Texas at Austin, Austin, Texas 78712 
FOX, G. F., Howard, Needles, Tammen & Bergendoff, 1345 Avenue of the Americas, 
New York, New York 10019 
FURLONG, Dr. R. W., Department of Civil Engineering, University of Texas at 
Austin, Austin, Texas 78712 
GALAMBOS, Prof. T. V., Washington University, Box 1130, St. Louis, Missouri 63130 
GAUS, Dr. M. P., National Science Foundation, 1800 G Street, N. W., Washington, 
D. C. 20550 
GAVIN, R. R., Inland-Ryerson Construction Products Company, 1600 North 
Avenue, Melrose Park, Illinois 60160 
GAYLORD, Prof. C. N., Department of Civil Engineering, Thornton Hall, University 
of Virginia, Charlottesville, Virginia 22901 
GAYLORD, Prof. E. H., 2129 Civil Engineering Building, University of Illinois, 
Urbana, Illinois 61801 
GERE, Prof. J. M., Civil Engineering Department, Stanford University, Stanford, 
California 94305 
GHOSH, S. D. K., Institution of Engineers, 8 Gokhale Road, Calcutta 20, India 
GILES, W. W., Structural Engineers Association of Northern California, 
171 Second Street, San FranciSCO, California 94105 
GILLIGAN, J. A., United States Steel Corporation, 600 Grant Street, Room 1780 
Pittsburgh, Pennsylvania 15230 
GLASFELD, Dr. R., General Dynamics Corporation, 97 Howard Street, Quincy, 
Massachusetts 02169 
GODFREY, G. B., Constrado, 12 Addiscombe Road, Croydon, CR9 3UH, England 
GODFREY, Jr., K. A., American Society of Civil Engineers, 345 East 47th Street, 
New York, New York 10017 
GOEL, Prof. S. C., Associate Professor Civil Engineering, University of Michigan, 
Ann Arbor, Michigan 48104 
112 
GOLDBERG, Prof. J. E., Department of Structural Engineering, Purdue University, 
Lafayette, Indiana 47907 
GRADT, E. W., American Iron and Steel Institute, 1000 16th Street, N. W., 
Washington, D. C. 20036 
GRAHAM, R. R., United States Steel Corporation, 600 Grant Street, Room 1780, 
Pittsburgh, Pennsylvania 15230 
GREGORY, Dr. M. S., Civil Engineering Department, University of Tasmania, 
Box 252C, G.P.O., Hobart, Tasmania, Australia 7001 
GROVER, L., Powder Glen R. D. 2, Box 12, Wapwallopen, Pennsylvania 18660 
HAAIJER, Dr. G., United States Steel Research Laboratory, 125 Jamison Lane, 
Monroeville, Pennsylvania 15146 
HAENEL, R. L., URS/The Ken R. White Company, P. O. Drawer 6218, Denver, 
Colorado 80206 
HALASZ, Dr. 0., School of Civil Engineering, Technical University, Budapest XI, 
Hungary 
HALL, D. H., Room 1486, Martin Tower, 701 East Third Street, Bethlehem, 
Pennsylvania 18016 
HANSELL, Dr. W. C., Sales Eng. Dept., Room 1334, 701 East 3rd Street, Bethlehem 
Steel Corporation, Bethlehem, Pennsylvania 18016 
HANSON, Prof. R. D., University of Michigan, Department of Civil Engineering, 
Ann Arbor, Michigan 48104 
HARDESTY, E. R., Hardesty & Hanover, 101 Park Avenue, New York, New York 10017 
HARRIS, Dr. H. G., Grumman Aerospace Corporation, Group 461, Plant 35, Bethpage, 
New York 11714 
HARRIS, Prof. R. B., Department of Civil Engineering, University of Michigan, 
Ann Arbor, Michigan 48104 
HARTMANN, Dr. A. J., 1161 Celgate Drive, Monroeville, Pa. 15146 
HARTZ, Prof. B. J., Department of Civil Engineering, University of Washington, 
Seattle, Washington 98195 
HAYASHI, Prof. T., Column Research Committee of Japan, Nishikata 1-10-4, 
Bunkyo-Ku, Tokyo 113, Japan 
113 
HEALEY, Dr. J. J., Ammann and Whitney, 111 Eighth Avenue, New York, New York 10011 
HECHTMAN, Dr. R. A., 11453 Washington Plaza West, Reston, Virginia 22090 
HEILMAN, K. L., Pennsylvania Department of Transportation, P. O. Box 2926, 
Harrisburg, Pennsylvania 17120 
HEITMANN, W. A., Office of Chief of Engineers, Department of the Army, 
Washington, D. C. 20315 
HENDERSON, R. D., The Institution of Engineers, Science House, 157 Gloucester 
Street, Sydney, N. S. W. 2000, Australia 
HERRMANN, Prof. G., Department of Applied Mechanics Engineering Sciences, 
Stanford University, Stanford, California 94305 
HEYMAN, Prof. H. J., University Engineering Department, Trumpington Street, 
Cambridge, Great Britain 
HIGGINS, Dr. T. R., 12. Beach Drive, Noroton, Connecticut 06820 
HODGKINS, E. W., Association of American Railroads, 59 East Van Buren Street, 
Chicago, Illinois 60605 
HOFF, Dr. N. J., Department of Aeronautical Engineering, Stanford University, 
Stanford, California 94305 
HOLLISTER, S. C., Consulting Engineer, 201 Hollister Hall, Ithaca, New York 14850 
HOLT, M., 536 Charles Avenue, New Kensington, Pennsylvania 15068 
HOOLEY, Dr. R. F., Faculty of Applied Science, Point Grey, Vancouver, 
British Columbia, Canada 
HOOPER, I. M., Seelye Stevenson Value & Knecht, 99 Park Avenue, New York, 
New York 10017 
HUANG, Prof. T., Department of Civil Engineering, University of Texas at 
Arlington, Arlington, Texas 76010 
IFFLAND, J. S., URS/Madigan-Praeger, Inc., 150 East 42nd Street, New York, 
New York 10017 
IRWIN, L. K., National Bureau of Standards, Chief, Mechanics Division, 
IBS, Washington, D. C. 20234 
IYENGAR, S. H., Skidmore, Owings & Merrill, 30 West Monroe Street, ChIcago, 
Illinois 60603 
114 
JACOBS, G. V., Simpson, Stratta & Associates, 325 5th Street, San Francisco, 
California 94107 
JANSEN, T. P., Consulting Engineering, 250 Delaware Avenue, Buffalo, New York 14202 
JOHNS, Dr. T. G., Battelle Columbus Laboratories, 505 King Avenue, Columbus, 
Ohio 43201 
JOHNSON, Dr. A. L., American Iron and Steel Institute, 1000 16th Street, N. W., 
Washington, D. C. 20036 
JOHNSON, Prof. A., Nora Strand 26, Danderyd, Sweden 
JOHNSON, D. L., Butler Manufacturing Company, P. O. Box 917, Kansas City, 
Missouri 64141 
JOHNSON, E. F., American Water Works Association, 6666 West Quincy Avenue, 
Denver, Colorado 80235 
JOHNSON, J. D., Steel Joist Institute, 2001 Jefferson Davis ~ighway, Arlington, 
Virginia 22202 
JOHNSON, R. G., Canadian Institute of Steel Construction, 201 Consumers Road, 
Suite 300, Willowda1e, Ontario M2J4G8 Canada 
JOHNSTON, Prof. B. G., 5025 E. Calle Barril, Tucson, Arizona 85718 
JOHNSTON, L. P., Shell United Kingdom, Box 4, Lowestoft, Suffolk, England 
KAGAN, Prof. H. A., Department of Civil Engineering, Rutgers University, 
New BrunSWick, New Jersey 08903 
KALNINS, Prof. A., Department of Mechanics and Mechanical Engineering, Lehigh 
University, Bethlehem, Pennsylvania 18015 
KATO, Prof. B., Faculty of Engineering, Department of Architecture, University 
of Tokyo, 7-Hongo, Bunkyo-Ku, Tokyo, Japan 
KAVANAGH, Dr. T. C., URS!Madigan-Praeger» Inc., 150 East 42nd Street, New York, 
New York 10017 
KELLER, W. M., Association of American Railroads, 3140 South Federal Street, 
Chicago, Illinois 60616 
KERR, B. T., 700 E. I. C. Building, 2050 Mansfield Street, Montreal 110, 
Quebec, Canada 
KETTER, Prof. R. L., President, State University of New York, Buffalo, 
New York 14214 
KHAN, Dr. F. R., Skidmore, Owings & Merrill, 30 West Monroe Street, 
Chicago, Illinois 60603 
115 
KING, Capt. R. W., Naval Ship Research & Development Center, Code 00, Bethesda, 
Maryland 20034 
KIRKLAND, W. G., American Iron & Steel Institute, 1000 16th Street, N. W., 
Washington, D. C. 20036 
KIRSTEIN, A. F., Structural Research Engineer, National Bureau of Standards, 
Washington, D. C. 20234 
KLINE, R. G., Suite 300, World Trade Center, San Francisco, California 
KOOPMAN, K. H., Welding Research Council, 345 East 47th Street, New York, 
New York 10017 
KRAJCINOVIC, D., Universi~y of Illinois at Chicago Circle, Box 4348, 
Chicago, Illinois 60680 
94111 
Krentz, H. A., Canadian Institute of Steel Construction, 201 Consumers Road, 
Suite 300, Wil1owdale, Ontario M2J 4GB Canada 
KUENTZ, A. C., American Iron and Steel Institute, 1000 16th Street, N. W., 
Washington, D. C. 20036 
LANDDECK, N. E., 3432 Sunnyside Avenue, El Paso, Texas 79904 
LANGE, K. W., Chicago Bridge & Iron Company, 901 W. 22nd Street, Oak Brook, 
Illinois 60521 
LARSON, C. F., Welding Research Council, 345 East 47th Street, New York, 
New York 10017 
LATHAM, E. R., California Department of Public Works, P. O. Box 1499, 
Sacramento, California 95807 
LAURIE, J. A., S. A. Council for Science & Industrial Research, P. O. Box 395, 
Pretoria, South Africa 
LAY, Dr. M. G., BHP Melbourne Research Labs, P. O. Box 274, Clayton, Victoria 
3~68, Australia 
LE MESSURIER, W. J., Le Messurier Associates, Inc., 1033 Massachusetts Avenue, 
Cambridge, Massachusetts 02138 
LECLAIR, Dean M. A., Facultad De Ciencias, Escue1a De Ingenieria Civil, 
Managua, Nicaragua, C. A. 
116 
LEE, Prof. G. C., Department of Civil Engineering, State University of New York, 
Buffalo, New York 14214 
LEHMER, G. D., Address Unknown 
LEVOYER, E., A.S.C.E., 345 East 47th Street, New York, New York 10017 
LEW, Dr. H. S., Building Research Division - IAT, National Bureau of Standards, 
Washington, D. C. 20234 
LIBOVE, Prof. C., Department of Mechanical & Aerospace Engineering, Syracuse 
University, Syracuse, New York 13210 
LIM, Dr. L. C., Le Messurier Associates, Inc., 1033 Massachusetts Avenue, 
Cambridge, Massachusetts 02138 
LIN, Dr. F. J., 561 N. Wilson, #1. Pasadena, Calif. 91106 
LIND, Prof. N. C., Department of Civil Engineering, University of Waterloo, 
Waterloo, Ontario, Canada 
LLOYD, Dr. J. R., Esso Production Research Company, Box 2189, Houston, Texas 77001 
LU, Prof. L. W., Fritz Engineering Laboratory, Lehigh University, Bethlehem, 
Pennsylvania 18015 
MACADAM, J. N., Research & Technology, Armco Steel Corporation, Middletown, 
Ohio 45042 
MAINS, Prof. R. M., Civil and Environmental Engineering Department, Washington 
University, St. Louis, Missouri 63130 
MALE, M., American Iron and Steel Institute, Oliver Building, Pittsburgh, 
Pennsylvania 15222 
MANDEL, Prof. J., Civil Engineering Department, Syracuse University, Syracuse, 
New York 13210 
MANSOUR, A., State Road Commission, State Official Building, Salt Lake City, 
Utah 88411 
MARA, P. V., The Aluminum Association, 750 Third Avenue, New York, New York 
MAREK, Dr. P., Praha 6, Zikova 4, Sf Cvut, Czechoslovakia 
MARKS, N. G., Richardson Gordon & Associates, 3 Gateway Center, Pittsburgh, 
Pennsylvania 15222 
10017 
MARSCHALL, RADM, R., Commander, Naval Facilities Engineering Command, 200 
Stovall Street, Alexandria, Virginia 22332 
MARSH, Dr. C., Concordia University, 1455 de Maisonneuve Blvd. West, 
Montreal, Quebec H3G 1M8, Canada 
MARSHALL, p. W., Shell Oil Company, P. O. Box 2099, Houston, Texas 77001 
117 
MASSONNET, Prof. C., Universite de Liege, Institut Du Genie Civil 6, Quai Banning, 
Liege, Belgium 
MASUR, Prof. E. F., University of Illinois-Chicago Circle, Box 4348, Chicago, 
Illinois 60680 
MATTOCK, Prof. A. H., University of Washington, Department of Civil Engineering, 
Seattle, Washington 98155 
MC NAMEE, Prof. B. M., Drexel Institute of Technology, 32nd & Chestnut Street, 
Philadelphia, Pennsylvania 19104 
MCDONOUGH, Prof. J. F., Department of Civil Engineering No. 71, University 
of Cincinnati, Cincinnati, Ohio 45221 
MCDONOUGH, Jr., Dr. G. F., Environmental Applications Office, S+E-EA-Director, 
N. A. S. A., Marshall Space Flight Center, Alabama 35812 
MCFALLS, R. K., Bell Telephone Labs, Room 4, 204 North Road, Chester, 
New Jersey 07930 
MCIVOR, Prof. I. K., Department of Engineering Mechanics, University of 
Michigan, Ann Arbor, Michigan 48104 
MEITH, R. M., Chevron Oil Company, 1111 Tulane Avenue, New Orleans, Louisiana 70112 
MICHALOS, Prof. J., Polytechnic Institute of New York, 333 Jay Street, Brooklyn, 
New York 11201 
MILEK, Jr., W. A., American Institute of Steel Construction (AISC), 1221 Avenue 
of the Americas, New York, New York 10020 
MILLER, C. D., Chicago Bridge & Iron Company, Route 59, Plainfield, Illinois 60544 
MILLER, D. C., David C. Miller & Associates, 908 Fox Plaza, San Francisco, 
California 94102 
MONTGOMERY, N. C., Butler Manufacturing Company, 1 Penn Valley Park, Kansas City, 
Missouri 64126 
MORRELL, Dr. M. L., Department of Civil Engineering, State University of New York, 
Buffalo, New York 14214 
118 
MOUNCE, W. S., International Nickel Company Inc., One New York Plaza, New York, 
New York 10004 
MUKUOPADHYAY, S., Institution of Engineers, 8 Gokhale Road, Calcutta 20, India 
MURRAY, Prof. T. M., University of Oklahoma, School of Civil Engineering, 
202 West Boyd Street, Norman, Oklahoma 73069 
NAPPER, L. A., Bethlehem Steel Corporation, 1601 Atlas Road, Richmond, 
California 94804 
NASSAR, Dr. G. E., 26 Adly Street, Apartment 911, Cairo, Egypt 
NASS ETTA , A. F., Weiskopf & Pickworth, 230 Park Avenue, New York, New York 
NEWMARK, Prof. N. M., Civil Engineering Department, University of Illinois, 
Urbana, Illinois 61801 
10016 
NYLANDER, Prof. H., Institutionen fur Byggnadsstatik, Rungl. Tekniska, Hogskolan 
Stockholm 70, Sweden 
OJALVO, Prof. M., Department of Civil Engineering, Ohio State University, Columbus, 
Ohio 43210 
OSTAPENKO, Prof. A., Fritz Engineering Laboratory, Department of Civil Engineering, 
Lehigh University, Bethlehem, Pennsylvania 18015 
PALMER, F. J., American Institute of Steel Construction, 1221 Avenue of the Americas, 
New York, New York 10020 
PARMER, J. F., 173 West Madison Street, Chicago, Illinois 60602 
PAULET, E. G., United States Department of Transportation, Federal Highway 
Administration, Washington, D. C. 20591 
PEKOZ, Prof. T., School of Civil & Environmental Engineering, Cornell University, 
Ithaca, New York 14850 
PETERSEN, F. A., Metal Building Manufacturers Association, 2130 Keith Building, 
Cleveland, Ohio 44115 
PFLUGER, Prof. I. A., Technishe Universitat Hannover, Lehrstuhl Fur Statik, 
3 Hannover-Welfengarten 1, Germany (DFR) 
PFRANG, Dr. E. 0., National Bureau of Standards, Structural Materials & 
Life Safety Division-368, Washington, ,D. C. 20234 
PILLAI, Dr. S. U., Professor of Civil Engineering, Regional Engineering College, 
Ca1icut, Kerala, South India 
119 
PINKHAM, C. W., S. B. Barnes & Associates, 2236 Beverly Boulevard, Los Angeles, 
California 90057 
POPOV, Prof. E. P., University of California, 725 Davis Hall, Berkeley, 
California 94720 
RAZZAQ, Dr. Zia, Faculty of Civil Engineering, Arizona State University, 
Tempe, Arizona 85281 
RINGO, Prof. B. C., Department of Civil Engineering, (M L 71), University of 
Cincinnati, Cincinnati, Ohio 45221 
ROBB, J. 0., 175 North Circle Drive, San Gabriel, California 91776 
ROBERTS, Dr. R., National Bureau of Standards, Washington, D. C. 20234 
ROBERTSON, L. E., Skilling, Helle, Christiansen, Robertson, 230 Park Avenue, 
New York, New York 10017 
ROBINSON, J. S., Delaware State Highway Department, Dover, Delaware 19901 
RODERICK, Prof. J. W., Department of Civil Engineering, The University of 
Sydney, Sydney, N. S. W., Australia 
ROLF, R. L., Aluminum Company of America, 1501 Alcoa Building, Pittsburgh, 
Pennsylvania 
ROSSI, B. E., Editor, Society for Experimental Stress Analysis, 21 Bridge Square 
Square, Westport, Connecticut 06880 
RUPLEY, G., Rupley, Bahler, Blake, 391 Washington Street, Buffalo, New York 14203 
RUTIGLIANO, J. P., Weiskopf & Pickworth, 230 Park Avenue, New York, New York 10017 
SAMPSON, A. F., Administrator, General Services Administration, Washington, 
D. C. 20405 
SANDVIG, L. D., Bureau of Materials, P. O. Box 2926, Harrisburg, Pennsylvania 17120 
SCHEFFEY, C. F., Structural Research Division, Federal Highway Administration, 
Washington, D. C. 20235 
SCHILLING, C. G., Applied Research Lab, United States Steel Corporation, 
Monroeville, Pennsylvania 15146 
SCHNOBRICH, Prof. W. C., Address Unknown 
SCHULZ, Dr. G. W., Institute Fur Baustatik, Universtitat Innsbruck, 
Technikerstrasse 13, A6020 Innsbruck, Austria, Europe 
120 
SEARS, F. D., Department of Transportation, Federal Highway Administration, 
Washington, D. C. 20591 
SECHLER, Dr. E. E., Graduate Aeronautical Laboratory, California Institute 
of Technology, Pasadena, California 91109 
SEIGEL, L. G., Applied Research Laboratory, MS-80, United Steel Corporation, 
Monroeville, Pennsylvania 15146 
SELBERG, Prof. A., Technical Institute of Norway, Division of Steel Structures, 
7034 Trondheim, Norway 
SFINTESCO, Dr. D., C.T.I.C.M., 20 Rue Jean Jaures, 92807-Puteaux, France 
SHARP, M. L., Alcoa Research Laboratories, Box 772, New Kensington, 
Pennsylvania 15068 
SHAW, Dr. F. S., 244 Edinburgh Road, Castlecrag, 2068 New South Wales, Australia 
SHAW, W. A., Civil Engineering Laboratory, Naval Construction Battalion Center, 
Port Hueneme, California 93043 
SHERMAN, Prof. D. R., Mechanics Department, College of Engineering and Applied 
Science, University of Wisconsin - Milwaukee, Milwaukee, Wisconsin 53201 
SHINOZUKA, Prof. M., Department of Civil Engineering, Columbia University, 
607 S. W. Mudd Building, New York, New York 10027 
SHORE, Prof. S., Department of Civil & Urban Engineering, University of 
Pennsylvania, Philadelphia, Pennsylvania 19174 
SIEV, Dr. A., Severud-Perrone-Sturm-Bandel, 415 Lexington Avenue, New York, 
New York 10017 
SILANO, L. G., Parsons, Brinckerhof, Quade + Douglas, 250 West 34th Street, 
New York, New York 10001 
SIMONIS, J. C., Babcock & Wilcox, 1562 Beeson Street, Alliance, Ohio 44601 
SMITH, J. R., National Academy of Sciences, 2101 Constitution Avenue, N. W., 
Washington, D. C. 20418 
SOLIS, I. R., Facultad De Ingenieria, Zona 12, Guatemala City, Guatemala 
SPRINGFIELD, J., C. D. Carruthers & Wallace, Consultants, 1320 Yonge Street, 
Toronto, Ontario M4T lX8 Canada 
STAFSETH, H. E., Executive Director, A.A.S.H.O., 341 National Press Building, 
Washington, D. C. 20004 
121 
STEIN, Dr. M., Langley Research Center, Langley Station, Hampton, Virginia 23365 
STEPHENSON, Prof. H. K., Department of Civil Engineering, University of Alabama, 
P. O. Box Z, Huntsville, Alabama 35486. 
STRATING, J., Stevin Laboratorium, Afdeling Weg en Waterbauwkunde, Delft, 
The Netherlands 
SYBERT, J. H., Chevron Oil Company, 1111 Tulane Avenue, New Orleans, 
Louisiana 70112 
TALL, Dr. L., Fritz Engineering Laboratory, Lehigh University, Bethlehem, 
Pennsylvania 18015 
THATCHER, W. M., American Bridge Division, Room 1539,600 Grant Street 
Pittsburgh, Pennsylvania 15230 
THOMA I DES , S. S., 701 East Third Street, Bethlehem Steel Corporation, Bethlehem, 
Pennsylvania 18016 
THOMSEN, Prof. K., Dth Afd For Baerende Konstruktio, Lundtofterej 100, 
Bygning 118 B DK 2800 Lyngby, Denmark 
THURLIMANN, Prof. B., Swiss Federal Institute of Technology, Leonhardstrasse 33, 
CH-8006 Zurich, Switzerland 
TIEMANN, N. R., Administrator, Federal Highway Administration, Washington, 
D. C. 20591 
TIMBY, Dr. E. K., 208 Library Place, Princeton, New Jersey 08540 
TOPRAC, Dr. A. A., 2l2-A Taylor Hall, The University of Texas at Austin, 
Austin, Texas 78712 
TRAHAIR, N. S., University of Sydney, Civil Engineering, Sydney, N. S. W., 
Australia 2006 
TUNG, Prof. H. H., The Cooper Union, Cooper Square, New York, New York 
TYLER, Jr., C. M., Metals Research Laboratories, 91 Shelton Avenue, 
New Haven, Connecticut 06504 
UBBEN, J. E., Division of Production, 300 Corrigan Tower Building, Dallas, 
Texas 75201 
VAN DER WOUDE, Dr. F., University of Tasmania, Box 252 C GPO, Hobart, 
Tasmania 7001, Australia 
VANN, Dr. W. P., Civil Engineering Department, Texas Technological University, 
Lubbock, Texas 
122 
VERNER, E., Civil & Structural Engineering, 870 Market Street, San Francisco, 
California 94104 
VIEST, Dr. I. M., Room 1328, East Building, Bethlehem Steel Corporation, 
Bethlehem, Pennsylvania 18016 
VINNAKOTA, Dr. S., Institut De La Const Metallique, 9 Ch Des Delices, 
1006 Lausanne, Switzerland 
VOGEL, Prof. U., Institut Fur Baustatik, Universitat Karlsruhe, 75 Kar1srule, 
Kaiserstr 12, Germany (DFR) 
WAKABAYASHI, Prof. M., Kyoto University, Gokasho, UJI-SHI, Kyoto Prefecture, 
Japan 
WALMSLEY, J. L., 2229 North Main Street, Bethlehem, Pennsylvania 18017 
WANG, Dr. C. K., Department of Civil Engineering, University of Wisconsin, 
Madison, Wisconsin 53706 
WELDON, H. P., P. O. Box 1401, Orange, California 92668 
WEMPNER, Prof. G. A., Engineering Mechanics, University of Alabama, 
Huntsville, Alabama 35807 
WILKES, W. J., Office of Engineering & Operations, Federal Highway Administration, 
Washington, D. C. 20591 
WILLSON, R. T., American Iron & Steel Institute, 1000 - 16th Street, N. W. 
Washington, D. C. 20036 
WILTSE, D., Structural Engineers Association, South California, 2503 Beverly 
Boulevard, Los Angeles, California 90057 
WINTER, Prof. G., Cornell University, 321 Hollister Hall, Ithaca, New York 14850 
WRIGHT, Dr. D. T., Secretary for Social Development, Main Parliament Building, 
Queens Park, Toronto 5, Ontario, Canada 
WRIGHT, Dr. E. W., Faculty of Engineering, Carlton University, Ottawa, 
Ontario K15 SB6 Canada 
WRIGHT, Dr. R. N., 2122 Civil Engineering Building, University of Illinois, 
Urbana, Illinois 61801 
YACHNICS, Dr. M., Naval Facilities Engineering Command, Code 41-222, Washington, 
D. C. 
YEN, Prof. B. T., Fritz Engineering Laboratory, Lehigh University, Bethlehem, 
Pennsylvania 18015 
YOUNG, R. C., URS/Madigan-Praeger, Inc., 150 East 42nd Street, New York, 
New York 10017 
YU, Dr. C. K., URS/Madigan-Praeger, Inc., 150 East 42nd Street, New York, 
New York 10017 
YU, Prof. W. W., Department of Civil Engineering, University of Missouri, 
Rolla, Missouri 65401 
YURA, Dr. J. A., Department of Civil Engineering, University of Texas, 
Austin, Texas 78712 
123 
ZECCA, J. A., United Engineering Trustees Incorporated, 345 East 47th Street, 
New York, New York 10017 
ZWOYER, E., American Society of Civil Engineers, 345 E. 47th Street, New York, 
New York 10017 
124 
8y-Laws* 
PUR P 0 S E S o F THE C 0 U N C I L 
The general purposes of the Column Research Council shall be: 
1. To maintain a forum where problems relating to the design and be-
havior of columns and other compression elements in metal structures 
can be presented for evaluation and pertinent structural research 
problems proposed for investigation. 
2. To digest critically the world's literature on structural behavior 
of compression elements and to study the properties of metals avail-
able for their construction, and make the results widely available 
to the engineering profession. 
3. To organize, administer, and guide cooperative research projects 
in the field of compression elements, and to enlist financial 
support for such projects. 
4. To promote publication and dissemination of original research in-
formation in the field of compression elements. 
S. To study the application of the results of research to the design 
of compression elements; to develop comprehensive and consistent 
strength and performance criteria, and to encourage their consid-
eration by specification-writing bodies. 
*Revised: August 21, 1947; October 1, 1948; November 1, 1949; August IS, 1951; 
May 20, 1955; October 1, 1960; May 7, 1962; May 21, 1965; 
May 31, 1968 and March 27, 1974. 
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M E M B E R S HIP o F THE C 0 U N C I L 
The membership of the Council shall consist of the Representatives of 
the Participating Organizations and a variable number of Members-at-Large. 
A representative is appointed by the Participating Organization, subject 
to the approval of the Executive Committee, and continues to serve until re-
placed by the organization which he represents. A Participating Organization 
may appoint up to three representatives. Organizations concerned with in-
vestigation and design of metal compression members and structures may be 
invited by the Council to become participants. 
An individual who has expressed interest in the work of the Council, 
and who has done or is doing work germane to its interest, may be elected 
Member-at-Large by the Council, following nomination by the Executive 
Committee. 
Every three years the Chairman of the Council shall check with each 
Member-at-Large to determine whether he wishes to continue his membership. 
Corresponding Members are appointed by the Executive Committee to main-
tain contact with organizations in other countries that are active in areas 
of interest to the Council. 
M E E TIN G S o F THE C 0 U N C I L 
The Council shall hold at least one regular annual meeting each fiscal 
year, and such additional meetings as may be deemed necessary by the Execu-
tive Committee. A quorum shall consist of at least twenty members. 
F I S CAL YEA R 
The fiscal year shall begin on October 1. 
D UTI E S o F THE C 0 U N C I L 
1. To establish policies and rules. 
2. To solicit funds for the work of the Council, and to maintain a 
general supervision of said funds, including the appropriation of grants 
for specific purposes. 
3. To maintain and operate a central office for the administration 
of the work of the Council, and for the maintenance of its records. 
4. To prepare an annual budget. 
5. To issue annual reports. 
6. To organize and oversee the committees and task groups established 
to carry out the projects authorized by the Council. 
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OFF ICE R S o F THE C 0 U N C I L 
1. The elected officers of the Council shall be a Chairman and a Vice 
Chairman. The Chairman shall exercise general supervision over the business 
affairs of the Council, subjected to the direction of the Council, shall 
perform all duties incident to this office, and shall be Chairman of the 
Executive Committee. It shall be the duty of the Chairman to preside at 
meetings of the Council and of the Executive Committee. The Vice Chairman 
shall perform all the duties of the Chairman in his absence. 
2. The terms of office of the Chairman and Vice Chairman shall begin on 
October 1st and shall continue for 3 years. They shall be eligible for 
immediate re-election for only one term of one year. In the event of a 
vacancy in the office of Chairman or Vice Chairman, a successor shall be 
appointed by the Executive Committee to serve for the remainder of the un-
expired term. 
3. There shall be a Director engaged by the Executive Committee subject 
to the approval of the Council, who shall be the chief executive paid officer 
of the Council. Additional paid officers may be appointed by the Council as 
may be necessary. If there is no paid Secretary, the Chairman may appoint a 
Secretary, who need not be a member of the Council. 
4. The Director of the Council shall conduct the regular business of 
the Council subject to the general supervision of the Council and of the 
Chairman. The Director shall be expected to attend all meetings of the 
Council, Executive Committee, and main committees. The Director shall be 
ex-officio a member of the Council and the Executive Committee. The Director 
shall conduct the official correspondence of the Council, shall handle the 
financial affairs of the Council in accordance with an approved budget, and 
shall keep full records thereof. He shall carefully scrutinize all expendi-
tures and exert every effort to secure economy in the business administration 
of the Council, and shall personally certify to the accuracy of all bills or 
vouchers on which money is to be paid. He shall engage such employees as may 
be authorized, shall be responsible for their work, and shall determine their 
salaries within budget limitations, subject to the approval of the Executive 
Committee. The salary of the Director and other paid officers shall be fixed 
by the Executive Committee. The Director shall draw up and execute all con-
tracts authorized by the Council and its Executive Committee. 
E L E C T ION o F OFF ICE R S 
1. Each year, the Executive Committee shall appoint 3 members of the 
Council to serve as the Nominating Committee. One of the three shall be 
named Chairman by the Chairman of the Council. Members of the Executive 
Committee or of the previous year's Nominating Committee shall not be eli-
gible to serve on the Nominating Committee. 
2. The Nominating Committee shall name a slate for Chairman and Vice 
Chairman of the Council, and members of the Executive Committee. The 
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Committee shall submit its nomination for Chairman and Vice Chairman to the 
Executive Committee prior to the Annual Meeting. Nominations for members 
of the Executive Committee will be submitted to the membership at the regular 
Annual Meeting. 
3. The election of Chairman and Vice Chairman of the Council shall be 
by letter ballot. The ballots shall be canvassed at the regular Annual 
Meeting of the Council. Should no candidate for an office receive a majority 
of the ballots cast for such office, the annual meeting shall elect the offi-
cer by ballot from the two candidates receiving the largest number of votes 
in the letter ballot. 
E X E CUT I V E COM MIT TEE 
1. An Executive Committee of nine members shall be elected by the Council 
from its membership. The term of membership shall be for three years, and 
three of the members shall be elected each year at the time of the regular 
Annual Meeting of the Council. Nominations shall be made by the Nominating 
Committee as described in the section "Election of Officers". In addition, 
the Chairman, Vice Chairman, Director, and the most recent Past Chairman and 
Past Vice Chairman of the Council shall be ex-officio members of the Executive 
Committee. Members shall take office upon their election. They shall be 
eligible for immediate re-election. Vacancies shall be filled by appoint-
ments by the Chairman from the membership of the Council, such appointees 
to serve for the remainder of the unexpired term. 
2. The Executive Committee shall transact the business of the Council 
and shall have the following specific responsibilities and duties: 
(a) To direct financial and business management for the Council, 
including the preparation of a tentative annual budget. 
(b) To review and approve proposed research projects and contracts. 
(c) To appoint Nominating Committee. 
(d) To appoint chairmen of committees and task groups, and approve 






To review reports and manuscripts. 
To advise Council on proposed research projects. 
To prepare program for Council meeting. 
To correlate and give general supervision to research projects. 
To refer inquiries relating to design practice to the Committee 
on Recommended Practice for definition, evaluation, and sugges-
tions for task group assignment. 
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3. From time to time, the Executive Committee may ask additional con-
sultants particularly interested in definite projects to act with it in an 
advisory capacity. 
4. The Chairman, with the approval of the Executive Committee, shall 
appoint a Finance Committee to solicit the support required to carry out 
its projects. 
5. The meeting of the Executive Committee shall be at the call of the 
Chairman or at the request in writing of two members of the Executive 
Committee. A quorum shall consist of five members, two of whom may be 
the Chairman and Vice Chairman of the Council. 
6. The Executive Committee shall transact the business of the 
Council subject to the following limitations: 
The minutes of the Committee shall be transmitted promptly 
to all members of the Council. If no objection is made by 
any member of the Council within two weeks after the minutes 
have been mailed, then the acts of the Executive Committee 
shall be considered as approved by the Council. If dis-
approval of any Committee action is made by three or more 
Council members, then the question raised shall be sub-
mitted to the Council for vote at a meeting called for that 
purpose, or by letter ballot. 
o N T R ACT 
The Council may make contracts or agreements, within its budget. 
Contracts for research projects preferably should be for the fiscal year 
period. Contracts with the Director or other paid employees of the Council 
may, with the approval of the Executive Committee, be for periods exceeding 
one fiscal year. At the end of such one-year period, contracts may be re-
newed or extended by the Council for an additional period, preferably not 
exceeding the new fiscal year. 
S TAN DIN G AND S P E C I A L COM MIT TEE S 
1. The standing committees shall be a Committee on Finance and a Committee 
on the "Guide to Design Criteria for Metal Compression Members". There shall 
be such special committees as may be approved by the Council. 
2. Standing and special committees and their chairmen, shall be appointed 
by, and responsible to, the Executive Committee. They shall be named at a 
regular Annual Meeting of the Council, shall take office upon appointment, 
shall serve for three years, and shall be eligible for immediate reappointment. 
Vacancies shall be filled in the same manner as regular appointments except 
that such appointees will complete the term of office vacated. 
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3. The Committee on Finance shall solicit the support required to carry 
on the work of the Council. The Chairman and the Vice Chairman shall be 
appointed from among the membership of the Executive Committee. 
4. The Committee on the "Guide to Design Criteria for Hetal Compression 
Members" shall direct the preparation and publication of the various editions 
of the "Guide". 
COM MIT TEE S AND T 
1. The Executive Committee may authorize one or 
or task groups, each for a specific subject or field. 
group shall consist of a number of members as small as 
in hand. Members need not be members of the Council. 
S K G R v P S 
more research committees 
Each committee or task 
feasible for the work 
2. Research committee chairmen or task group chairmen shall be appointed 
by the Executive Committee, adequately in advance of the Annual Meeting of the 
Council. 
3. All research committee or task group appointments shall expire at the 
time of the regular Annual Heeting of the Council. Prior to the Annual Meet-
ing, each committee chairman or task group chairman for the ensuing year shall 
review the personnel of his committee or task group with the idea of providing 
the most effective organization, and shall make recommendations thereon to the 
Executive Committee. Committee or task group personnel shall be approved or 
modified by the Executive Committee, prior to the conclusion of the Annual 
Meeting of the Council. 
4. The duties of a research committee or task group shall be: 
(a) To review proposed research projects within its field, and to 
render opinions as to their suitability. 
(b) To make recommendations as to needed research in its field. 
(c) To give active guidance to research programs within its field, 
in which connection research committees or task groups are em-
powered to change details of programs within budget limitations. 
(d) To make recommendations as to the time when a project within its 
field should be temporarily discontinued, or terminated. 
(e) At the request of the Executive Committee to prepare summary 
reports covering results of research projects and/or existing 
knowledge on specific topics. 
5. Each project handled by a research committee or task group shall be 
of definite scope and objective, 
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6. Each research committee or task group shall be responsible to the 
Executive Committee for organizing and carrying out its definite projects, 
which must be approved by the Executive Committee. 
7. Each research committee or task group shall meet at least once in 
each fiscal year before the Annual Meeting of the Council, to review progress 
made, and to plan activities for the ensuing year. 
8. Each research committee chairman or task group chairman shall make 
a report to the Executive Committee at the time of the Annual Meeting. 
REV I S ION o F B Y - LAW S 
These By-Laws may be revised at any time upon a majority vote of the 
entire membership of the Council, by letter ballot or at a meeting of the 
Council. 
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Rules of Procedure 
I. OUTLINE OF ROUTE OF A RESEARCH PROJECT FOR CONSIDERATION BY THE COLUMN 
RESEARCH COUNCIL 
Projects are to be considered under three classifications: 
(1) Projects originating within the Column Research Council. 
(2) Those originating outside the Column Research Councilor resulting 
from work at some institution and pertaining to general program of 
study approved by Column Research Council. 
(3) Extensions of existing CRC sponsored projects. 
Projects under Class (1) are to be handled as follows: 
1. Project proposed. 
2. Referred to Executive Committee for study and report to Council 
with recommendation. 
3. If considered favorably by Council, the Executive Committee 
will take necessary action to set up the project. 
4. Project Committee, new or existing, sets up project ready for 
proposals and refers back to Executive Committee. 
5. Executive Committee sends out project for proposals. 
6. Project Committee selects and recommends successful proposal to 
Executive Committee for action. 
7. If awarded, the Project Committee supervises the project. 
8. Project Chairman is to obtain adequate interim reports on project 
from laboratory. 
9. Project Chairman advises Executive Committee adequately in advance 
of Annual Meeting as to report material available for Council presentation. 
10. Executive Committee formulates program for presentation of reports 
at Annual Meeting. 
11. Project Committee submits reports on any completed phase of the 
work for the Executive Committee. 
12. Executive Committee determines disposition of report subject to 
approval of the Council before publication. 
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Projects under Class (2) would be handled essentially the same except 
that steps 4, 5 and 6 would be omitted at the discretion of the Executive 
Committee. The procedure for items 7 - 12 would then be unchanged from that 
used for Class (1) projects. 
With regard to Class (3) projects, an extension of an existing project 
which requires no additional funds or changes in supervisory personnel shall 
be approved by a majority of the Executive Committee, but need not be reported 
to the Council for its consideration or action. If an extension requires 
additional funds, such extensions may be approved by the Executive Committee 
subject to approval by a letter ballot from the Council. 
II. OUTLINE OF A PATH OF A PROJECT THROUGH THE COUNCIL ( FOR RECOMMENDED 
PRACTICE) 
1. Task Group submits its finding to the Executive Committee. 
2. Executive Committee acts and forwards to Recommended Practice 
Committee. 
3. Recommended Practice Committee acts and forwards recommendations 
to Executive Committee. 
4. Council votes on the matter. 
5. Executive Committee transmits recommendations and findings to 
specification-writing bodies, and/or Publications Committee 
arranges for publication. 
III. DISTRIBUTION AND PUBLICATION OF REPORTS 
For the guidance of project directors and task group chairmen, the follow-
ing policy is recommended with regard to the distribution of technical progress 
reports and with respect to the publication of reports. The scope of this pro-
cedure is intended to cover those reports that result from projects supported 
financially by the Column Research Council. 
Distribution of Technical Progress Reports 
Any duplicated report prepared by an investigator carrying out a 
research program may be distributed to the appropriate task group and to 
members of the Executive Committee with the understanding that the investi-
gator may make further limited distribution with a view of obtaining techni-
cal advice. General distribution will only be made after approval by the 
task group. 
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Publication of Reports 
Published reports fall into two categories and are to be processed 
as indicated: 
A. Reports Constituted as Recommendations of the Council 
1. The report shall be submitted to the Executive Committee 
which after approval will circulate copies to members of the Column Research 
Council. 
2. Subject to approval of the Column Research Council, the 
Publication Committee takes steps to publish Council recommendations. 
B. Technical Reports Resulting from Research Programs 
1. Universities or other organizations carrying out programs 
of research for the Column Research Council should make their own arrangements 
for publications of results. 
2. Assuming that the investigator wishes to arrange for such 
publication, approval must be obtained from the appropriate task group. 
3. Reprints are currently used as means of distributing 
reports of projects sponsored by or of interest to the Council. Investiga-
tor should order sufficient reprints for distribution by the Council. It 
is assumed that ear-marked project funds will be adequate for this purpose. 
4. When appropriate, reprints should be distributed under 
a distinctive cover. 
5. A statement of sponsorship should be included in all 
reports. 
